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Why should we tolerate a diet of weak poisons, a home in insipid surroundings, a circle of 
acquaintances who are not quite our enemies, the noise of motors with just enough relief to 
prevent insanity? Who would want to live in a world which is just not quite fatal? 
 
Yet such a world is pressed upon us… 
 
There is still very limited awareness of the nature of the threat. This is an era of specialists, each 
of whom sees his own problem and is unaware of or intolerant of the larger frame into which it 
fits. It is also an era dominated by industry, in which the right to make a dollar at whatever cost 
is seldom challenged. When the public protests, confronted with some obvious evidence of 
damaging results of pesticide applications, it is fed little tranquilizing pills of half-truth.  
 
We urgently need an end to these false assurances, to the sugar coating of unpalatable facts. It is 
the public that is being asked to assume the risks that the insect controllers calculate. The public 
must decide whether it wishes to continue on the present road, and it can do so only when in full 
possession of the facts. In the words of Jean Rostand, ‘The obligation to endure gives us the right 
to know.’ 
 
 
Rachel Carson, Silent Spring (1962)  
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Preface 
“Is BPA a first-world problem?” my advisor asked me, diverting his gaze momentarily 
from the dusty road to the passenger side of the Ford Explorer. We were waiting to get onto the 
I-10 in the black Environmental Analysis van, returning to Pomona College from the Santa Ana 
River, where we had just collected our first water samples. We visited two sites—we called them 
the Rix Wastewater Outfall Site and the Agua Mansa Creek—and filled four 1-liter amber glass 
bottles with river water to analyze for BPA contamination.  
I paused—I had been struggling with this question myself. Bisphenol A, or BPA, is 
plastic additive commonly found in water bottles and food products. Structurally, the chemical is 
similar to natural estrogens and, because of this similarity, has been found to interfere with the 
endocrine system, a signaling system of glands and hormones implicated in growth and 
development. BPA and other endocrine disrupting compounds, I was beginning to understand, 
have profound consequences for population health, spanning obesity, cancer, and reproductive 
disfunction. These consequences are especially severe for pregnant women and children.  
After the U.S. FDA officially banned BPA from baby bottles in 2012, “BPA-free” 
became a consumer buzzword. Much like the term “organic,” the notion of “BPA-free” has weak 
scientific underpinnings and, in my opinion, represents an intention to mislead the public. BPA is 
only one of many structurally similar chemical analogs that manufacturers use as plasticizers—
despite the eye-catching labels that assert that products are BPA free, companies make no claim 
that their products are “bisphenol free.” No regulation prevents food packaging, beverage cans, 
or plastic water bottles from using another bisphenol (for example, BPS, BPF, or BPAP) that 
could have similar health consequences.  
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Wastewater treatment plants cannot remove novel, dilute contaminants like BPA 
efficiently, and few efforts exist to monitor their presence in the environment. They arise from 
novel sources—not just wastewater outfall sites, but from trash, treated sewage, runoff, and even 
our municipal piping systems themselves. Thus, I suspected that we would find unusually high 
concentrations of BPA at the Rix and Agua Mansa sites. Next, we would sample water from Mt. 
Baldy Creek and the Los Angeles River, where the water contains more contamination from 
urban runoff. Finally, we would test the water from the concretized Tijuana River channel, where 
runoff, limited water treatment capabilities, and industrial pollution all impair water quality. 
Many people live alongside the heavily polluted Tijuana River water, breathe the water vapor, 
and even walk through the water on the way to work due to the lack of pedestrian bridges, and so 
water quality in this channel is a direct health concern.  
My advisor looked at me again: “Is BPA a white women’s problem?” Perhaps, I thought. 
There seem to be more pressing concerns for those living along the Tijuana River channel, like 
basic hygiene, bacterial infection, and nutrition. Likewise, there is a fundamental lack of 
transparency regarding what chemicals local industry dumps into the river to eventually flow to 
the Pacific Ocean. Surely there are high concentrations of known carcinogens in the Tijuana 
River water. Perhaps it is a more pressing concern to identify the known contaminants and 
mediate their presence.  
However, in taking this approach to pollution, one falls victim to several fundamental 
misconceptions regarding toxic exposures. Until recently, scientists have assumed that “dilution 
is the solution to pollution,” or, in the words of in Paracelsus, one of the founding fathers of 
toxicology and environmental health, that “the dose equals the poison.” In stark contrast, over 
the past 20 years it has become exceedingly clear that chemical concentrations do not always 
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have linear relationships with health outcomes. Sometimes, low-dose exposures have more 
severe consequences than high-dose exposures. In the case of BPA and other endocrine 
disrupting compounds, even extremely dilute concentrations interfere with proper hormone 
signaling. Likewise, pollutants interact with one another; although safety assessments consider 
one dangerous pollutant at a time in order to establish upper limits of exposure, in reality people 
are exposed to many distinct pollutants simultaneously. When these pollutants are present in 
mixtures, it becomes more difficult to predict health consequences; oftentimes, pollutants act in 
“synergy” or “potentiation” with one another, leading to consequences far more severe than one 
would expect from adding individual exposures to one another. Thus, low-concentration 
exposures constitute a very serious concern to public health. 
Furthermore, given that research has privileged the study of chemicals whose health 
consequences occur after high-dose exposures, little is known about what consequences these 
low-dose contaminants may cause. It is possible that exposure to low concentration mixtures of 
endocrine disrupting compounds fundamentally changes the way the immune system responds to 
bacterial infection or cancerous growth. The fact that a national agency like the Environmental 
Protection Agency (EPA), the Food and Drug Administration (FDA), or the Agency for Toxic 
Substances and Disease Registry (ATSDR) does yet not recognize a chemical as dangerous does 
not mean that the chemical is safe. Such reactionary systems of monitoring and classification 
prolong harmful chronic exposures and reject the precautionary principle, which emphasizes an 
attitude of caution toward chemicals whose safety has not been proven. Unfortunately, when we 
recognize that a pollutant causes harm, it is often far too late to prevent its damage in society.  
I believe that exposure to low concentrations of novel pollutants has striking population-
level effects on human health. Furthermore, I believe that these consequences are not distributed 
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equitably. It will take many years to characterize these novel chemicals, determine how mixture 
composition affects human health, and assess whether, for example, low-dose exposures interfere 
with the immune system. This research must span many disciplines, including mapping and GIS, 
environmental and community health, ecology, analytical chemistry, immunology, 
endocrinology, and clinical medicine. In order to address the nature of these novel contaminants, 
we must reframe the very notion of pollution.  
Without rapid and accessible monitoring methodology, we cannot even begin to consider 
the community- and population-level effects of novel exposures. In this thesis, I discuss the 
challenges of recognizing and understanding novel aquatic contaminants, known as contaminants 
of emerging concern. I then use an ELISA assay, a rapid methodology, to characterize the extent 
of bisphenol A contamination in Mt. Baldy Creek, the Los Angeles River, and the Tijuana River.  
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Introduction 
What Are Contaminants of Emerging Concern? 
Contaminants of emerging concern (CECs), otherwise known as “emerging 
contaminants” or “emerging pollutants,” are novel aquatic contaminants that have potential to 
harm human health or the environment (Sauvé & Desrosiers, 2014). These contaminants are 
structurally diverse and arise from a wide array of anthropogenic, chemical, and biological 
processes. However, they are poorly understood and are not yet subject to regulatory criteria 
(Sauvé & Desrosiers, 2014). Notably, many CECs will never prove to harm humans. However, 
the fundamental lack of information available to date on these contaminants prevents any 
comprehensive analysis of the risks that they do pose.  
The term “CEC” encompasses three types of novel contaminants: 1) contaminants that 
have been newly introduced into the environment, 2) contaminants that have been present in the 
environment for longer periods of time, but only recently have been detected, and 3) 
contaminants that are newly considered dangerous, but have been known to exist in the 
environment (Houtman, 2010). These distinct categories of CECs are united by a common 
uncertainty regarding their chronic effects on human and ecological wellbeing. Because the 
terms “emerging contaminant” and “emerging pollutant” imply that a contaminant has been 
introduced recently into the environment, Sauvé & Desrosiers (2014) suggest that “contaminants 
of emerging concern” is the best term to encompass all three kinds of novel contaminants. It is 
important to note that while I refer to CECs in this thesis, much of the literature refers to either 
“emerging pollutants” or “emerging contaminants” when discussing similar ideas. 
These distinctions are important because, despite the pervasiveness of CECs in surface 
waters today, chemists were not able to identify many these compounds in the environment until 
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recently. The exceedingly low concentrations of some CECs in the environment (often on the 
order of nanograms per liter or below) necessitate very sensitive instruments in order to detect 
their presence. As the capabilities of analytical instruments continue to improve, chemists 
continue to identify novel pollutants in rivers, wastewater effluent, tap water, and bottled water 
(Snow et al., 2017; Vidal-Dorsch et al., 2012). Many contaminants like DEET, an insecticide, 
gabapentin, an antiepileptic medication, and metformin, an antidiabetic medication, have been 
observed with frequencies higher than 95% in environmental water samples (Bai et al., 2018). 
Thus, CEC contamination is ubiquitous in both environmental and municipal waters, with 
unknown consequences for human health. 
There exist no strict criteria to define which contaminants qualify as CECs and, similarly, 
no guidelines to suggest when concern over these contaminants is no longer “emerging.” Sauve 
& Desrosiers (2014) suggest that a CEC remains “emerging” so long as there is little information 
regarding the contaminant in the literature and its consequences are poorly documented. 
Similarly, Houtman et al. (2010) suggests that a contaminant maintain its status as “emerging” 
until studies characterize its persistence and toxicity, including its environmental fate and 
toxicological properties. This definition implies that a contaminant’s “emerging” status spans 
several years at minimum. Likewise, a comprehensively characterized contaminant may regain 
its status as “emerging” if new data suggest that its effects are different than previously 
understood. 
Both European and American environmental agencies maintain lists of contaminants of 
emerging concern to study in drinking water. However, neither list acts as a comprehensive 
catalog of CECs and both are subject to long delays between updates. The European 
Commission maintains a watchlist of potentially dangerous pollutants to monitor and assess for 
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risk under the Water Framework Directive. However, this list was limited in scope to only 17 
substances in 2015 (Loos, Marinov, Sanseverino, Napierska, & Lettieri, 2018). Likewise, the 
U.S. EPA maintains a “Contaminant Candidate List” (CCL) of contaminants that “are currently 
not subject to any proposed or promulgated national primary drinking water regulations, but are 
known or anticipated to occur in public water systems” (US EPA, 2014). In contrast to the EC 
Watchlist, the EPA’s CCL 4 listed 97 contaminants in 2016 (US EPA, 2016). 
 
Classifying Contaminants of Emerging Concern 
Studies typically refer to three main classes of CECs: endocrine disrupting compounds 
(EDCs), pharmaceuticals, and personal care products (PCPs). Endocrine disrupting compounds 
(EDCs), also known as “endocrine disruptors,” refers to chemicals that interfere with the 
endocrine system, a series of glands that regulate processes in the body by secreting hormones 
(Rogers, 2012). I will discuss these contaminants at length in the following chapter.  
“Pharmaceuticals” refers to antibiotics, illicit drugs, steroids, analgesics, and beta-
blockers, among other drugs and medications (Gogoi et al., 2018). These products have been 
identified in wastewater treatment plant effluents, surface waters, drinking water, and sediments 
(Gogoi et al., 2018). As pharmaceuticals are biologically active by design, each compound 
warrants unique concerns for human and ecological health based on its specific mechanism of 
action (Gogoi et al., 2018). Environmental antibiotics, for example, may decrease microbial 
diversity in the environment and increase the frequency of cyanobacteria, whose toxins can kill 
humans and wildlife (Kraemer et al., 2019). Although the chronic health implications of 
consuming low doses of environmental antibiotics (by drinking water, for example) are 
unknown, studies have suggested that exposure could cause reproductive problems, muscle 
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weakness, and disrupt the microbiome, leading to obesity, diabetes, or asthma (Kraemer et al., 
2019; Weatherly & Gosse, 2017). Furthermore, antibiotic contamination facilitates the horizontal 
transfer of antibiotic resistance genes (ARG) between non-pathogenic and pathogenic bacteria, 
which can exacerbate disease severity in humans and wildlife (Kraemer et al., 2019; Xi et al., 
2009). However, little data exist regarding the relationship between environmental ARG and the 
risk of human infection (Ianiro et al., 2016; Kraemer et al., 2019). Pharmaceuticals, including 
antibiotics, are pseudo-persistent in the environment. As over 160 unique pharmaceuticals have 
been identified in environmental waters, they warrant scrutiny in the coming years (Gogoi et al., 
2018). 
“Personal care products” (PCPs) refers to the chemicals found in consumer products like 
makeup, soap, sunscreen, perfume, and insect repellant (Cizmas et al., 2015). In contrast to 
pharmaceuticals, PCPs are used to improve quality of life rather than to treat disease or illness. 
Often, research refers to pharmaceuticals and PCPs collectively as PPCPs. However, the 
distinction between pharmaceuticals and PCPs is important because these compounds can enter 
the environment through different mechanisms; pharmaceuticals are excreted by animals and 
livestock after consumption and PCPs are mainly washed off of the body. Sunscreen, for 
example, enters environmental waters when people swim, while medications enter environmental 
waters in the effluents of wastewater treatment plants. Additionally, this distinction is relevant 
for policy because different procedures exist to regulate medications and consumer products. 
Many PPCPs, however, act as EDCs, underscoring how this three-part classification system can, 
at times, simplistically reduce the complexity of CECs. Overlap exists between all three groups 
of contaminants.  
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Several CECs exist that deviate from this three-part classification system in important 
ways. For example, although many CECs are chemical compounds, the term is not exclusive to 
chemical contamination. Both microplastic particles and manufactured nanoparticles qualify as 
CECs due to their uncertain consequences for human and environmental health (Sauvé & 
Desrosiers, 2014). Similarly, cyanotoxins, toxic peptides that are produced by cyanobacteria and 
released into the environment during harmful algal blooms (HABs), are neither pharmaceuticals 
nor PCPs. However, the frequency and severity of HABs has increased in recent years, which 
raises novel concerns for these mostly uncharacterized contaminants (Sauvé & Desrosiers, 
2014).  
 
CECs in the Environment 
A fundamental lack of information exists regarding the occurrence, transformation, and 
fate of CECs in the environment, which contributes to their status as “emerging” concerns. Given 
the rapid introduction of novel chemical compounds into the environment, and the already 
ubiquitous presence of several increasingly studied compounds, like Bisphenol A (BPA), 
researchers have characterized the extent of CECs in the environment as “virtually limitless” (J. 
Wilkinson et al., 2017). Because CECs are structurally diverse and span several uses, including 
pharmaceuticals, personal care products, and pesticides, the occurrence and fate of each 
contaminant is unique. 
CECs have been detected in sewage effluents, surface- and ground-waters, precipitation, 
suspended solids, river sediment, and even drinking waters at trace levels (usually ng/L) (D. D. 
Snow et al., 2017). Although low-level CEC contamination is a worldwide phenomenon, 
concentrations of individual CECs in the environment vary by local context and over time (Bai et 
 14 
al., 2018; D. D. Snow et al., 2017; J. Wilkinson et al., 2017). Likewise, although advances in 
chemical instrumentation have enabled chemists to detect CECs in the environment only 
recently, anthropogenic activities have likely released these compounds into the environment for 
many years. 
The ultimate fate of CECs in the environment remains unclear (J. Wilkinson et al., 2017). 
Possible outcomes include bioaccumulation, distribution, and partition between dissolved and 
particular phases. Wilkinson et al. (2017) note that the ultimate fate and attenuation of CECs 
depends on “the properties of each individual compound, each individual river or aquatic system, 
biotic and abiotic contaminant degradation, how and when the compound was introduced to the 
environment, and its partition to solid components of the aquatic environment such as suspended 
solids and sediment.” CECs often adsorb to suspended solids and sediments as they travel in 
surface waters, attenuating as the river flows. It is important to note, however, that each 
compound attenuates at a different rate according to its physical and chemical properties, such as 
chain length, ionizable functional groups, and pKa. Furthermore, although adsorption to solid 
material may remove CECs from water bodies, it may also contribute to the transportation of 
CECs across longer distances (Gregg et al., 2015). Among other qualities of the water, 
temperature, pH, and flow rate will influence how the compounds transform, travel, and 
attenuate in environmental waters (Luo et al., 2011). 
Although CEC transport is typically studied in river and groundwater systems, 
atmospheric transport also occurs for some CECs, and particularly for volatile PPCPs. Common 
endocrine disruptors like phthalates, for example, associate with PM-10, or particulate matter of 
diameters of 10 μm or less (J. Wilkinson et al., 2017). Dibutyl phthalate, one of several common 
phthalates, has been detected in outdoor air at concentrations as high as 45 ng/m3 and in indoor 
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air at concentrations as high as 2300 ng/m3 (Bergh et al., 2011; Salgueiro-González et al., 2013, 
2015; J. Wilkinson et al., 2017). It remains to be determined how far volatile organic CECs can 
travel by air and to what extent atmospheric transport contributes to aquatic contamination. 
Likewise, it remains to be determined whether exposure to EDCs by air represents a health 
concern for humans.  
CECs are subject to photochemical and biological degradation in the environment. 
Photochemical degradation occurs by either direct absorption of solar radiation or by reaction 
with other photosensitized species, such as hydroxyl radicals. Although photochemical 
degradation tends to increase the biodegradability of organic contaminants, the transformation 
products that result from the degradation process often remain toxic. Alternatively, 
microorganisms like bacteria, protozoa, and algae can also metabolize bioavailable contaminants 
through specific enzyme-dependent pathways. Upon degradation, CECs may also produce 
transformation products that remain bioactive in the environment.  
 
A Focus on EDCs 
In this thesis, I discuss endocrine disrupting compounds at length to exemplify the history 
and challenges associated with studying CECs. I chose to focus on EDCs because scientists have 
studied several of these compounds, including bisphenol A (BPA), more comprehensively than 
other CECs. These compounds can therefore provide insight into how we must adapt our 
approach to public health to account for contaminants that defy traditional paradigms of 
pollution. 
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Chapter 1: Public Health, Water Quality, and CECs in the USA  
 
Although the terminology of “CECs” has entered the scientific literature only recently, all 
aquatic contaminants in the history of urbanized America were, at some point, contaminants of 
emerging concern. In fact, the discipline of public health itself emerged when scientists 
identified novel contaminants—that is, novel biological contaminants—in urban waters. The 
histories of water quality and public health in the USA, therefore, intertwine closely with one 
another. In order to understand why certain contaminants are “emerging” today, we must 
understand the evolution of water treatment and management in the United States of America.  
 
Early American Wastewater Systems 
Few waterworks existed in late 18th century America. In the 1770s, Hans Christopher 
Christiansen built the first American public waterworks in the town of Bethlehem, Pennsylvania 
(National Research Council, 2002). Likewise, officials in Rhode Island chartered two of the 
earliest private water delivery companies in 1772 (National Research Council, 2002). However, 
it was not until the 19th century that population growth and industrial expansion compelled cities 
to secure access to clean water for drinking, fire-fighting, and sanitation (Tarr, 1985). By the 
early 1800s, waste and saltwater has contaminated wells and springs in early American cities, 
including Baltimore, New York, and Boston (National Research Council, 2002). Additionally, 
fires, which cities could better control with an ample water supply, had destroyed vast amounts 
property (Tarr, 1996). Political candidates frequently promised better water management as part 
their campaigns (Tarr, 1996). 
Public waterworks emerged rapidly in central and eastern USA throughout the 19th 
century. In 1802, the City of Philadelphia built the first urban waterworks, which delivered water 
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from the Schuylkill River to the urban center. In 1842, New York City began to deliver water 
from the Croton River to the urban center. By 1860, 136 public waterworks were operational in 
the USA, and by 1880, there were 598 (Stets et al., 2012; Tarr, 1985). As tap water became more 
accessible in urban environments, especially in wealthier neighborhoods, residents began to use 
more water to transport wastes away from their homes (Stets et al., 2012).  
Such rapidly increasing wastewater emissions overwhelmed the basic “privy vault-
cesspool” wastewater management systems that existed in 19th century municipalities. 
Essentially, these systems relied on dumping wastewater into holes, or privy vaults, in the 
ground. Often, farmers would periodically empty these holes under contract to a municipality, 
but otherwise, cities and towns would use holes until they were full, cover them with soil, and 
dig new holes. This system was inefficient, labor-intensive, and contaminated local environments 
(Tarr, 1996). Although some sewer systems existed, they were meant to redirect stormwaters 
from cities. Rapid advances in water delivery without simultaneous advances in wastewater 
removal caused local privies and cesspools to overflow more frequently, prompting aesthetic 
concerns from residents who lived near the receptacles (Tarr, 1996). In the 1850s, cities began to 
abandon the privy vault-cesspool system in favor of the “water carriage system.” Under this 
model, wastewater became its own vehicle for continuous transportation in pipes and sewers, 
carrying waste from residences and depositing them in environmental rivers and streams. Despite 
skepticism from chemists, biologists, and engineers, policymakers asserted that dilution and the 
“self-purifying nature” of environmental waters would naturally treat the waste (Tarr, 1996). 
Therefore, cities could use environmental waters to convey raw sewage away without any 
treatment (Tarr, 1996). This decision proved fatal for the early urban USA. 
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Raw Sewage and Infectious Disease 
In the early 19th century, doctors did not yet subscribe to the modern “germ theory” of 
disease, or the notion that small organisms invisible to the naked eye were the causative agents 
of disease. Instead, most doctors believed an “atmospheric theory” or “miasma theory” of 
disease transmission, which held that poisons in the air, or “miasmas,” led to disease (D. A. 
Okun, 1996). Many scholars attribute the beginning of our modern understanding of public 
health to Dr. John Snow, an English physician who studied cholera outbreaks in the mid-19th 
century. In 1849, Snow performed a spatial analysis of deaths during a particularly intense 
cholera outbreak in Soho, London. By mapping cases of cholera in relation to urban 
infrastructure, Snow hypothesized that water from a specific water pump—the “Broad Street 
Pump”—was the source of cholera, not a miasma (J. Snow, 1855). Later, during another cholera 
outbreak in 1854, Snow determined that those who drank water from the polluted lower Thames 
River experienced a death rate 8.5 times higher than those who drank water from the less 
polluted upper Thames, suggesting, again, that water pollution was causing disease (D. A. Okun, 
1996; J. Snow, 1855). Although critics have questioned the scientific rigor and veracity of 
Snow’s methodology, his works alerted scientists and governments to the population-level health 
consequences implicated in municipal water sourcing (Koch & Denike, 2009; D. A. Okun, 
1996). After Snow’s seminal studies on cholera, scientists began to widely accept that water 
pollution, and therefore many municipal water systems, facilitated the spread of enteric disease.  
Once scientists recognized filth as a primary determinant of disease, broader public 
audiences began to view illness as an indicator of poor social and environmental conditions. 
Reports on poor sanitary conditions in urban areas prompted the establishment of city- and state-
level agencies dedicated exclusively to health and sanitation (Institute of Medicine (US) 
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Committee for the Study of the Future of Public Health, 1988). By the year 1900, 40 out of 45 
states had created departments of health. However, even as public health emerged as a new 
national priority, scientists were just beginning to understand how exactly contaminated waters 
and filth caused disease. Microbial agents, in the early 20th century, were CECs.  
 
Bacteria as the Causative Agent 
As early as the 1850s, some scientists asserted that bacteria were the causative agents of 
disease. Regardless, as late as the 1870s, physicians still rejected this bacterial hypothesis in 
favor of the miasmatic theory (Bentivoglio & Pacini, 1995). A series of scientific discoveries in 
the 1870s, however, changed this prevailing paradigm of infection. In 1876, for the first time, 
Robert Koch linked a disease, anthrax, with a specific bacterium, anthrax bacillus, launching a 
“golden age of bacteriology” (Blevins & Bronze, 2010). In 1877, the French chemist Louis 
Pasteur, who was somewhat a rival of Koch’s, corroborated these findings (Institute of Medicine 
(US) Committee for the Study of the Future of Public Health, 1988). Koch quickly associated 
specific bacteria with several other infectious diseases, including tuberculosis and cholera. He 
published four postulates to determine whether an agent is pathogenic: the pathogen must be 
found in every case of disease and not in healthy individuals, the pathogen must be isolated and 
grown in pure culture, a healthy subject injected with the pathogen must develop the same signs 
of illness as subjects with the disease, and the pathogen isolated from the test subject must be 
identical to the original pathogen (Falkow, 2004). Although our scientific understanding of 
pathogenicity has evolved much since Koch’s original four postulates, and these postulates, for 
example, do not apply for certain viruses, bacteria, and any chemical agent, they continue to 
guide our modern understanding of infection. As scientists confirmed that other diseases had 
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bacterial agents throughout the 1880s, including typhoid fever, diphtheria, tetanus, and diarrhea, 
physicians reluctantly accepted the germ theory of disease.  
Having linked infectious diseases to their causative biological agents, for the first time in 
the early 20th century, scientists were able to propose specific interventions, like water filtration 
and chlorination, to prevent the spread of disease. In 1908, Jersey City, New Jersey, was the first 
city in the USA to chlorinate its water (CDC, 2018). Other towns and cities quickly followed 
suit, and by 1950, filtration and chlorination efforts had effectively eliminated enteric disease in 
the USA (D. A. Okun, 1996). 
However, as state agencies recognized that they could use technology to prevent 
waterborne infectious disease, governments began to prioritize cost over quality when sourcing 
urban water. For example, because filtration and chlorination appeared to eliminate microbial 
disease, the city of New Orleans elected to source its water from the polluted Mississippi River 
rather than investing in the extraction of clean groundwater (D. Okun, 1999). Similarly, cities 
frequently elected not to install wastewater treatment facilities, relying on dilution to treat river 
water before it arrived to downstream cities who would also use this water (Tarr, 1985). It soon 
became evident that dilution and basic anti-microbial treatments were not enough to prevent poor 
quality water from causing disease.1 
 
 
 
1Note: The first human virus was discovered in 1901 (Woolhouse et al., 2012). Although 
epidemiological evidence for waterborne viral pathogens emerged in the 1940s and 1950s, the 
theory of waterborne viruses was not widely accepted until the 1960s (National Research 
Council (US) Committee on Indicators for Waterborne Pathogens, 2004). Even today, many 
countries rely solely on bacterial indicators, rather than viral indicators, to characterize water 
quality. In this regard, viruses in water can often quality as CECs. However, most other 
biological agents of disease, like helminths, cannot survive chlorination and filtration. 
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Chemical Contaminants: The Limits of Early Treatment 
Although chemical pollutants were harmful to humans and the environment, public health 
officials devoted little attention to these contaminants until the mid-20th century (Tarr, 1985). 
Rapid post-World War II industrialization, urbanization, and adoption of consumerist culture 
initiated the release of vast quantities of pesticides and industrial chemicals into the environment. 
Advances in chemistry, furthermore, enabled the development of hundreds of novel synthetic 
chemicals. Many of these chemicals were both toxic and persistent by design (Ashraf, 2017; 
Tarr, 1985). Because early water treatment efforts focused on raw waste and bacterial 
contamination, chemical pollution in water posed an unprecedented threat.  
Often, chemical manufacturing plants would dump industrial solvents and other waste 
products directly into the environment without treatment. One particularly prominent example of 
this dumping, which author Dan Fagin drew attention to in his 2013 novel Tom’s River: A Story 
of Science and Salvation, is that of the Ciba chemical plant in Tom’s River, New Jersey. In the 
1890s, Ciba among several other companies, were dumping benzene, toluene, naphthalene, 
nitrobenzene, and other toxic chemicals into the Rhine River in Basel, Switzerland (Fagin, 
2014). Residents of the surrounding area, exposed to noxious fumes, vehemently protested 
factory expansions and their airborne emissions. Workers in the Swiss factories would often 
leave the plants with their skin dyed in different colors, and physicians were starting to notice 
that workers involved in the production of a certain dye known as fuchsine magenta were 
developing usually high rates of bladder tumors (Fagin, 2014). Therefore, in the 1920s, when 
Ciba moved from Europe to the United States in order to avoid American tariffs, it was acutely 
aware of pressures they would face to spend money to reduce pollution and treat their wastes.  
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After an initial venture in Cincinnati, in 1952, Ciba opened a grand new chemical plant in 
the small town of Tom’s River, New Jersey. Fagin describes Tom’s River as “a sleepy town 
where hierarchies were respected and authority trusted, a place where the Swiss could do coal tar 
chemistry on a grand scale without interference from outsiders, where the river was theirs for the 
taking” (Fagin, 2014, p. 18). Ciba built its plant far from the public eye, surrounded by buffers of 
forests, where it hid five waste lagoons and more than twelve dumps (Fagin, 2014). Ciba buried 
its waste in drums all over its large Tom’s River property, or otherwise dumped its wastes into 
crude ‘acid pits’ (Fagin, 2014, p. 33). It would dilute other wastes with water, and then simply 
release them into Toms River, where they contaminated the nearby town’s drinking water 
supply. Ciba actively mislead the public with respect to its contamination of Toms River and the 
surrounding environment, eventually causing clusters of cancer among local children. 
Although not always as extreme or obvious as the scenario in Tom’s River, industrial 
chemicals quickly proved deleterious to human and ecological health. Scholars widely credit 
Rachel Carson’s 1962 novel Silent Spring for drawing national attention to the potential health 
consequences of ubiquitous exposure to synthetic chemicals. This book recognized an evolving 
scientific perception that synthetic chemicals might have, among other consequences, 
teratogenic, mutagenic, neurotoxic, and carcinogenic effects. Furthermore, traditional wastewater 
treatment processes like filtration and chlorination alone did not always remove these chemicals 
from the water. It became evident in 1974, for example, that those who drank the filtered and 
chlorinated Mississippi River water in New Orleans, which contained chemical wastes from 
cities upstream, experienced higher rates of cancer than those who drank the less contaminated 
groundwater (DeRouen & Diem, 1975; Weinmeyer et al., 2017).  
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Indeed, Sauvé & Desrosiers (2014) credit Rachel Carson’s Silent Spring with founding 
our modern notion of a “CEC,” although her novel did not use this exact language. In the 1962 
exposé of DDT and other synthetic chemical pesticides, Carson sounded the alarm that chemical 
contamination of water had caused severe damage to ecological and human health. Carson 
advocated for precaution with respect to chemical pollution, recognizing that great uncertainty is 
implicated in chemical exposures. Although other water contaminants had “emerged” at earlier 
points during human history, such as lead contamination in Roman-era Athens, Carson 
recognized that invisible patterns of exposures and disease likely already exist in humans (Sauvé 
& Desrosiers, 2014). 
Following the first Earth Day in 1970 and the establishment of the U.S. Environmental 
Protection Agency (EPA), U.S. Congress passed three acts to ameliorate chemical water 
pollution: the Clean Water Act (1972), the Safe Drinking Water Act (1974), and the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA; 1980). 
The Clean Water Act, building upon the Federal Water Pollution Control Act of 1948, regulated 
the discharge of pollutants into surface waters, maintaining that it is unlawful to discharge 
wastewater into any navigable body of water without a permit. The Safe Drinking Water Act 
(SDWA) gave the EPA the authority to regulate chemical drinking water contaminants to protect 
human health and maintain the purity of environmental waters (Tiemann, 2017). CERCLA, or 
Superfund, gave the EPA federal authority to compel pollutants to clean sites of toxic chemical 
contamination.  
With a new impetus to study and monitor chemical contamination, scientists also began 
to identify risks implicated in traditional water treatment processes, like chlorination. For 
example, studies began to associate exposure to chlorination decomposition byproducts with 
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higher rates of colon, rectal, and bladder cancer (Cantor, 1982). At the end of the 20th century, 
much of the concern over water contamination centered around cancer risk. 
 
Emerging Concerns in the 90s: Microbial Contamination and Endocrine Disrupting Compounds 
At the end of the 20th century, the resurgence of waterborne illness, a threat that officials 
had assumed obsolete, shifted scientific emphases from chemical contamination to microbial 
contamination. In 1993, the largest documented outbreak of waterborne illness in U.S. history 
occurred in Milwaukee, Wisconsin. Cryptosporidium, a waterborne protozoan, evaded 
monitoring and treatment efforts and caused an outbreak of cryptosporidiosis, a diarrheal illness, 
impacting approximately 400,000 people (Mac Kenzie et al., 1994; McDonald et al., 2001). At 
least 69 people died during the outbreak, most of whom were immunocompromised by AIDS 
(Mac Kenzie et al., 1994). This outbreak prompted criticism that EPA regulations were still 
insufficient to protect the public from waterborne illness.  
The 1993 cryptosporidiosis outbreak deviated from traditional paradigms of infection in 
several important ways. The infectious oocyst phase of the protozoan was small enough to pass 
through filters, chlorination failed to inactivate the pathogen, laboratories found the protozoan 
exceedingly difficult to identify, and the infectious cryptosporidium oocysts occurred 
independently from the coliform bacteria that traditionally indicated that water had been 
contaminated (Mac Kenzie et al., 1994). The crypto outbreak in 1993, therefore, invalidated the 
assumption that water treated to meet EPA guidelines was inherently pathogen-free and safe to 
drink. Accordingly, the scientific focus regarding water treatment shifted back toward microbial 
contamination.  
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Perhaps overshadowed by the 1993 crypto outbreak, around the same time, in 1992, Dr. 
Theo Colborn and her colleagues from the W. Alton Jones Foundation in Washington, D.C. 
proposed a novel idea to the public: synthetic chemicals in the environment were interfering with 
the endocrine system, causing developmental problems in humans and wildlife (T Colborn et al., 
1993; T. Colborn & Clement, 1992). Studies that documented the feminization of fish and 
amphibian limb deformities after exposure to wastewater effluents validated such endocrine 
disruption as a large-scale chronic health concern (Matthiessen, 2003). Scientists like Theo 
Colborn and Daniel Okun suggested that these fish might be “canaries” for the chronic health 
consequences to be observed in humans in coming years.  
Much like the 1993 crypto outbreak showcased weaknesses in microbial monitoring, 
notions of endocrine disruption have prompted concern that water that meets EPA standards 
might still cause chronic disease. Indeed, endocrine disrupting compounds (EDCs) defy 
paradigms of pollution in ways far more profound than cryptosporidium. 
 
The Origins and Evolution of Endocrine Disruption 
Three pivotal research projects alerted the scientific community to the nature and 
ubiquity of endocrine disrupting pollution in the 1980s: those of Ana Soto and Carlos 
Sonnenschein at Tufts Medical School, David Feldman at Stanford University School of 
Medicine, and John Sumpter at Brunel University (Theo Colborn et al., 1997).  
In 1987, Soto and Sonnenschein were searching for a cellular growth inhibitor by 
studying human breast cancer cells. Normally, the breast cancer cells would multiply upon 
exposure to estrogen. Soto and Sonnenschein discovered that they could remove the estrogen 
from blood serum and the cells would stop proliferating. They could then add estrogen in varying 
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quantities and study cellular proliferation at exposures to different concentrations of estrogen. 
However, suddenly, in 1987, all cell colonies began to grow, regardless of whether Soto plated 
them in serum devoid of estrogen. They deduced that contamination in the orange-capped plastic 
centrifuge tubes that they were using had caused the cells to proliferate. The plastic, which they 
earlier considered to be an inert substance, had suddenly become biologically active.  
Soto and Sonnenschein soon learned that Corning had changed the chemical composition 
of the lab tube without supplying a new catalog number and refused to disclose the chemical 
constituents of the new resin. In 1989, in partnership with colleagues at the Massachusetts 
Institute of Technology, Soto and Sonnenschein confirmed the identity of the estrogenic 
contaminant in the plastic: an alkylphenol called p-nonylphenol (A. M. Soto et al., 1991). At the 
same time, the laboratory of David Feldman, a professor of medicine at Stanford University, 
discovered that bisphenol-A leached from polycarbonate lab flasks into sterilized water during 
autoclaving procedures (Krishnan, 1993).  
The implications of these projects were profound; Soto, Sonnenschein, and Feldman had 
drawn attention a whole new class of pollutant--one that could interfere with hormone signaling 
systems. Although scientists previously expected such compounds only from intentionally 
bioactive materials like pesticides, these new findings underscored the weak scientific 
understanding of “estrogenic xenobiotics” and their ubiquity in consumer goods. The researchers 
knew that this problem transcended the laboratory; industry used alkylphenols in food processing 
and packaging, and alkylphenols had been identified leaching into water that passed through 
polyvinyl chloride (PVC) piping. Bacteria in the environment and sewage treatment plants, 
furthermore, could degrade chemical constituents of detergent, alkylphenol polyethoxylates, into 
nonylphenol and other estrogenic compounds (A. M. Soto et al., 1991).  
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As scientists reimagined notion of environmental estrogens, the pollutants themselves 
had already become ubiquitous in consumer products and the environment. In the late 1980s, 
prompted by fishermen’s concerns of rising numbers of intersex fish, government fisheries staff 
asked Brunel University ecologist John Sumpter to assess whether fish were exposed to 
hormones in the environment that interfered with their hormone signaling systems. Sumpter did 
so by considering the levels of vitellogenin, a protein that female fish produce in their livers in 
response to an estrogen signal. Elevated levels of vitellogenin in male fish exposed to wastewater 
treatment plant effluent indicated that the fish had, indeed, been exposed to an environmental 
estrogen, although the estrogen itself had yet to be determined (Sumpter & Jobling, 1995). 
Intrigued by Soto and Sonnenschein’s findings on nonylphenol, Sumpter hypothesized that 
alkylphenols from detergents treated in the wastewater treatment plants had caused the “estrogen 
problem” in fish. 
Although, for years, ecological research had suggested that a contaminant in the 
environment was causing non-cancerous poor health, these data were overlooked because cancer 
was the outcome of interest in humans. These findings in the 80s and 90s validated concern that 
chemicals indeed interfered with the endocrine systems of humans. Theo Colborn, Dianne 
Dumanoski, and John Peterson Myers published a novel in 1996 entitled Our Stolen Future: Are 
We Threatening Our Fertility, Intelligence, and Survival? A Scientific Detective Story, which 
compiled research on endocrine disruption, alerting the general public to this largely invisible 
crisis. Aided by a foreword written by Al Gore, in which he refers to Our Stolen Future as the 
sequel to Rachel Carson’s Silent Spring, the novel sparked both political and scientific interest in 
endocrine disruption (McLachlan, 2016). Theo Colborn and John Myers, the director of the W. 
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Alton Jones Foundation, became the “face and brains” of endocrine disruption policy 
(McLachlan, 2016).  
 
Endocrine Disrupting Compounds (EDCs) 
For the remainder of this thesis I will focus on endocrine disrupting compounds (EDCs). 
EDCs, also known as “endocrine disruptors,” are chemicals that interfere with the endocrine 
system, a series of glands that regulate processes in the body by secreting hormones (Rogers, 
2012). These processes include growth, development and reproduction. Some EDCs are short-
lived and ubiquitous in the environment, like the plasticizers bisphenol A and DEPH, and others 
are long-lived, like pesticides and other persistent organic pollutants (POPs) (Giulivo et al., 
2016). EDCs are particularly worrisome because they are biologically active at very low doses: 
in the case of environmental estrogens, in the nanomolar to micromolar range (Vandenberg et al., 
2012). Hormones, for comparison, typically act in the picomolar to nanomolar range 
(Vandenberg et al., 2012).  
There is substantial disagreement as to what environmental exposures qualify as “low 
dose.” Rather than developing individual “low-dose” thresholds for chemicals, Vandenberg et al. 
(2012) proposes that “low-dose” provides an operational definition to define human exposures 
that are below the concentrations tested in typical toxicology studies. For many chemicals, this 
equates to doses on the order of microgram or milligram per kilogram bodyweight (kg/bw), but 
for others it can also be on the order of nanogram kg/bw.  
Many EDCs are structurally similar to natural hormones in the body and can directly 
activate or inactivate receptors implicated in diverse transcriptional and post-transcriptional 
mechanisms. Hormonal actions are not global throughout the body; rather they are specific to 
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target tissues that contain receptors with a high affinity for a particular hormone. Consequently, 
EDCs target specific tissues and processes in the body. For example, EDCs that interfere with 
the reproductive system often bind to estrogen receptors (ERs) or the androgen receptor (AR). 
Alternatively, EDCs can interfere with hormone synthesis or metabolism by enzymes (Giulivo et 
al., 2016).  
Data suggest that EDCs can disrupt both female and male fertility (Cariati et al., 2019; 
Rattan et al., 2017), alter the timing of puberty (Greenspan & Lee, 2018), and cause mammary, 
ovarian, and prostate cancers (Rutkowska et al., 2016; Ana M. Soto & Sonnenschein, 2010). 
Furthermore, EDCs may both suppress and increase the immune response (Bansal et al., 2018), 
impair the gut microbiome (Hu et al., 2016), and disrupt circadian rhythmicity (Bansal et al., 
2018). Phthalates and bisphenols, specifically, have received particular attention following 
strong evidence that they are implicated in metabolic disorders like diabetes, obesity, and 
cardiovascular disease (Desai et al., 2015; Giulivo et al., 2016). Exposure to environmental 
EDCs during pregnancy induces epigenetic changes, or heritable genetic changes that do not 
recode DNA, including methylation, histone modifications, and chromatin remodeling (Desai et 
al., 2015). In other words, exposure to environmental EDCs alters one’s phenotype without also 
altering one’s genotype (Desai et al., 2015). These epigenetic changes may predispose adults to 
metabolic disorders, independent from diet and behavior later in life. Furthermore, these changes 
may persist for many generations after the initial exposure. Although exposure to EDCs may 
occur at very dilute concentrations, these exposures are not trivial.   
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Chapter 2: CECs and EDCs: Moving Toward a New Paradigm of Pollution  
 
Contaminants of emerging concern and endocrine disrupting compounds defy our 
“threshold” paradigm of pollution, rendering systems that exist to characterize, monitor, and 
remove pollutants ineffective. Because endocrine disrupting compounds, especially, defy 
traditional notions of toxicity, they also elude public scrutiny. In this chapter, I discuss how 
EDCs defy the “threshold” paradigm of toxicity and explain why, under this traditional paradigm 
of water pollution, it is nearly impossible to account for these contaminants. In conversation with 
earlier work by Max Liboiron (2016), I propose a metaphor to improve public understanding of 
this novel kind of harm.  
 
The Threshold Model of Pollution 
 In her 2016 paper “Redefining pollution and action: the matter of plastics,” Max Liboiron 
explains that society’s modern understanding of water pollution is based on a “threshold 
paradigm” that arose in the 1920s and 1930s. According to this model, the human body can 
absorb a certain quantity of pollutant before it manifests any harm. Moving beyond earlier 
notions of pollution that focused on “matter out of place,” the threshold paradigm reflects the 
teachings of the Swiss Renaissance physician Paracelsus, whom many people regard as the 
“founding father” of toxicology. Paracelsus asserted that “All things are poison and nothing is 
without poison. Solely the dose determines that a thing is not a poison” (Grandjean, 2016). 
Indeed, for all substances, including even water, there exists a point beyond which the substance 
will cause harm to the human body (Gardner, 2002). Paracelsus’s teachings led toxicologists and 
epidemiologists to distinguish a “hazard,” or an exposure that has potential to cause harm, from 
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its “risk,” the probability that the hazard will actually cause harm (Grandjean, 2016). For 
example, safety testing efforts often assume that a concentration of a chemical exists below 
which one can no longer observe harm. Toxicologists refer to this concentration of a chemical as 
its “no observed adverse effect level” (NOAEL). It follows logically that exposure to a chemical 
below its NOAEL, whether in consumer goods or in the environment, should not cause any 
harm. However, in the case of endocrine disrupting compounds, a NOAEL may not take into 
account the chemical’s effects at minute concentrations.  
Three premises define the threshold paradigm of pollution: 1) exposure to a pollutant, at 
some dose, is accepted as reasonable and even normal, 2) pollution only exists when harm 
occurs, and 3) scientists can observe harm in the laboratory without medical methods (Liboiron, 
2016). According to Max Liboiron, one can only recognize harm through traditional systems 
when this third condition is true. EDCs deviate not only from this third condition, however, but 
from all three premises of the threshold paradigm. As she outlines in her work, EDCs are 
bioactive at minute doses, which means that exposure to these compounds may not be reasonable 
at any level. Likewise, lags between exposure and health outcomes and exposure to mixtures of 
EDCs make it difficult to attribute harm to any one particular compound. Because environmental 
monitoring or consumer protection agencies do not routinely test for EDCs, we do not observe 
signs of harm in the laboratory before they affect human populations.  
 
Non-Monotonicity and The Cocktail Effect: Complicating Factors 
The notion of a “threshold” may not apply to EDCs at all due to their frequently non-
monotonic dose response curves. Dose response curves illustrate the probability or magnitude of 
harm after exposure to a particular chemical. Toxicologists typically construct these curves by 
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exposing animals or cells to a single toxic substance in a controlled environment. Many EDCs 
produce non-monotonic dose-response curves (NMDRCs), or dose-response curves whose slope 
changes sign at some point along the curve. In other words, the magnitude of harm from a single 
chemical could either decrease or increase as the dose decreases, depending on the slope of the 
curve at that particular dose. NMDRCs often have a U- or inverted U-shape, however other 
multiphasic curves also exist. BPA, DDT, PCBs, diazinon, atrazine, DEHP, nonylphenol, and 
PAHs, among other EDCs, have produced NMDRCs in cell culture experiments (Vandenberg et 
al., 2012). Figure 4 illustrates several possible shapes of dose response curves.  
 
 
Figure 4. Example Dose-Response Curves. Adapted from Vandenberg et al. (2012). A, 
examples of linear and nonlinear monotonic responses, and B, examples of nonlinear non-
monotonic responses. 
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Regulatory approaches in the USA assume that all dose-response curves are monotonic. 
In other words, traditional approaches assume that “the dose equals the poison” and that as long 
as exposures only occur below NOAELs, humans remain safe. However, in reality, more 
complex relationships exist between dose and effect; NMDRCs invalidate the threshold-based 
approach to toxicology and environmental epidemiology. Although high-dose exposures to 
EDCs may cause some of the same health consequences as low-dose exposures, high-dose 
studies also often assess fundamentally different outcomes than low-dose studies and likely 
overlook non-monotonic effects on the endocrine system (Vandenberg et al., 2012). Alarmingly, 
all regulatory testing, including FDA and EPA assessments, assume monotonic dose-response 
curves (Vandenberg et al., 2012). Consequently, these assessments can mischaracterize both the 
nature of a chemical and the magnitude of risk at low doses. While regulatory toxicology 
traditionally seeks to establish the NOAEL below which exposure to a chemical poses little risk, 
it may be the case that EDCs have no such value with any practical significance.  
Further complicating any prediction of harm from exposure to EDCs is the “cocktail 
effect.” While toxicologists use single chemicals to establish dose response curves and 
recommend upper bounds of safe exposures, low-dose exposures to EDCs often occur 
simultaneously among humans. For example, humans may ingest several plasticizers at once 
when drinking bottled water (Aneck-Hahn et al., 2018). Studies have demonstrated several cases 
of synergistic, or greater-than-additive, effects produced from exposure to EDC mixtures 
(Ribeiro et al., 2017). Scholars refer to the synergy observed with multiple chemical exposures 
as “the cocktail effect” or “cocktail effects” (Celander, 2011; Kortenkamp, 2007; Svingen & 
Vinggaard, 2016). While perhaps all chemicals in the water exist at concentrations below their 
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toxicological safety thresholds, interactions may cause their effects to be more severe than 
otherwise predicted. 
It is important to note that diverse interactions are possible with any given mixture of 
chemicals. For example, it is possible that mixtures produce “synergistic” effects, or effects that 
are greater than those of the sum of the individual exposures, “antagonistic” effects, which are 
less than expected based on their chemical constituents, or “potentiating” effects, which are 
present in mixtures but not always in the case of individual exposures. Table 5 outlines several 
interaction types that can occur between chemicals in the human body. Traditional toxicological 
assessments do not account for these interactions and therefore characterize risk in a way that 
one cannot extrapolate to practical environmental exposures.  
 
Table 5. Example Effects of Chemical Interaction 
 Effect of Chemical 1 Effect of Chemical 2 Effect of Mixture 1+2 
Additivity +10 +15 +25 
Synergism +10 +15 +50 
Potentiation +10 +0 +25 
Antagonism +10 +15 +10 
 
 
Many journal articles note specifically that “the cocktail effect” is a common term. 
Indeed, chemists and environmental health researchers frequently refer to the “cocktail of 
chemicals” to which humans are exposed in colloquial blogs, books, and news articles (Briggs, 
2019; Demeneix, 2017; dksackett, 2017). In contrast, despite including this term in the abstract, 
introduction, and even the title of journal articles, authors shy away from referencing “the 
cocktail effect” in scientific analyses.  
The origins of this term are quite unclear. Theo Colborn’s Our Stolen Future, the book 
that in many ways initiated public awareness of endocrine disruption, includes nowhere in its 
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316 pages any reference to the cocktail effect. Perhaps one of the earliest publications to 
reference the word ‘cocktail’ with regard to endocrine disruption was the 2002 article “A review 
of the potential impact of dietary endocrine disruptors on the consumer” (Shaw & McCully, 
2002). In this paper, authors Ian Shaw and Stuart McCully raised questions regarding the impacts 
of human exposure to EDCs in food products. The authors refer twice in this paper to an 
“exogenous estrogen cocktail.” It was not until a later publication in 2014 that Shaw referred 
specifically to the “cocktail effect” or, more specifically, “cocktail effects,” referencing how 
distinct mechanisms might be each be responsible for synergistic effects of EDCs in the body. 
Although no article comprehensively defines the “cocktail effect” or “cocktail effects,” this 
article suggests that any interaction between chemicals that leads to synergistic effects is a 
“cocktail effect.” 
Perhaps it is fitting that this article was published in the International Journal of Food 
Science and Technology, as the word ‘cocktail’ is often used in reference to alcoholic beverages. 
Merriam-Webster Dictionary defines the word ‘cocktail’ as “a usually iced drink of wine or 
distilled liquor mixed with flavoring ingredients,” or, alternatively, “something resembling or 
suggesting such a drink as being a mixture of often diverse elements or ingredients.’ A third 
definition is “a mixture of agents usually in solution that is taken or used especially for medical 
treatment or diagnosis.” Indeed, scientists and physicians often refer to combinations of drugs 
given during medical treatment as “cocktails.” For example, a 2015 article in Nature Cell 
Research was entitled “Direct conversion of astrocytes into neuronal cells by drug cocktail” 
(Cheng et al., 2015).  
Many years after Shaw’s initial publication, the term “cocktail effect” remains esoteric 
among the public. Perhaps positive cultural connotations of the word “cocktail” impede any 
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perception of chemical cocktails as deleterious. In the context of liquor, a cocktail is not 
something unpleasant; rather, the term references a refined and usually expensive beverage. One 
drinks a cocktail in celebration or, at the least, to enjoy a mixture of sweet ingredients. However, 
when scientists speak of the “cocktail effect” or a “cocktail of drugs,” they do so in reference to a 
black box of unpredictability. In other words, when you mix drugs, you run the risk of 
encountering unforeseen and possibly dangerous effects. In the realm of pharmacology, a 
cocktail is not pleasant or sweet; unless a mixture is calculated, it is something to avoid.  
Because the connotations of the word “cocktail” are so dramatically different among 
scientists and among the public, the term is not effective in fostering a general sense of unease. 
Like the terms “contaminants of emerging concern,” “emerging pollutants,” and even “low-dose 
exposure,” the lack of a rigorous definition for the cocktail effect further prevents the public 
from developing an understanding of or intuition regarding the danger that chemical mixtures 
pose. Not only does the effect, itself, complicate testing and monitoring efforts, but the language 
scientists use to describe this phenomenon does not function well among the public.  
Given the ubiquity of EDCs in the environment, high-dose, single chemical testing is no 
longer adequate to protect human health. It is no longer reasonable to expect a “permissible 
human exposure” for every chemical. We need a new paradigm of pollution that recognizes that 
even minute quantities of a chemical could, under the proper conditions, have severe and 
unpredictable effects.  
 
Lack of Scientific Emphasis and Training 
Although scientists have identified EDCs in nearly every human and environment on the 
planet, research and monitoring efforts still do not center this invisible form of pollution. In Our 
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Stolen Future, Theo Colborn attributes the relative lack of emphasis on EDCs to their deviance 
from the threshold model of pollution. As is the case with perhaps any paradigm, people tend to 
overlook evidence that contradicts earlier, more established models. When ecologists were 
looking to observe carcinogenic effects of DDT in wildlife and instead observed behavioral and 
developmental changes, the larger scientific community overlooked these findings. Scientists had 
assumed that the population decline was from cancer, not changes in sexual development. 
Although as early as the 1950s scientists had proposed that chemicals had harmful estrogenic 
effects in wildlife, these proposals deviated from the Carson-era model of acute toxicity and 
carcinogenicity, and therefore were not of interest until Colborn’s work in the 90s.  
Colborn also proposes that it is much more difficult to find funding for novel, 
interdisciplinary research than for more conservative research projects. Grant reviewers tend to 
bias their approval toward research on more established ideas. In the case of chemical exposures, 
this skews toward carcinogenicity. Furthermore, because EDCs require interdisciplinary 
research—research with ecological, toxicological, and medical components, among several other 
disciplines—few agencies are willing to fund the research. Although to my knowledge no study 
has considered the role of cultural association between “estrogen” and femininity in EDC 
research, I also propose that such associations may interact with existing biases in the training, 
grant writing, and peer review process (Roper, 2019). Although EDC exposures are relevant for 
all sexes and genders, the cultural association of estrogen with femininity may discourage the 
broader scientific community from engaging with this type of pollution.  
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EDCs and Clinical Medicine 
In his 2019 novel Sicker, Fatter, and Poorer: The Urgent Threat of Hormone-Disrupting 
Chemicals to Our Health and Future… And What We Can Do About It, New York pediatrician 
Leonardo Trasande explores the role of clinical medicine in reducing the harmful effects of EDC 
exposures. He notes that American medical culture does not emphasize preventative medicine to 
the same degree to which it emphasizes reactive medicine—that is, medical practice privileges 
solving medical problems once they emerge (often at a profit) rather than preventing them from 
occurring in the first place. Trasande explains that medical students receive, on average, 7 hours 
of instruction in environmental health over their four years of training (Schenk et al., 1996; 
Trasande, 2019). Although nearly a quarter of all disease worldwide has environmental origins, 
medical schools tend to omit environmental medicine from their curricula (Gehle et al., 2011). 
Doctors and other health professionals, therefore, often practice with little to no knowledge of 
environmental determinants of health and disease.  
This omission is not invisible to medical students; in contrast, medical students 
consistently express a desire to learn more about environmental history-taking and clinical 
toxicology (Gehle et al., 2011; Roberts & Reigart, 2001). Even after medical school, residencies 
often provide no additional background in environmental health (Trasande, 2019). Pediatricians, 
especially, have expressed interest in learning more about toxicants and environmentally-related 
disease, however fewer than one half of pediatric residencies in the US address issues of 
environmental health (McCurdy Leyla Erk et al., 2004; Roberts & Gitterman, 2003). Several 
medical specialties exist that address this gap in knowledge, including environmental medicine, 
occupational medicine, medical toxicology, and preventative medicine, however physicians that 
do not such make an explicit commitment to environmental health in their specialty receive 
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inadequate training. If physicians are unable to identify environmental and chemical origins of 
disease, then the scientific community as a whole is unprepared recognize and address risk 
factors that deviate from our most basic expectations of exposure.  
Beyond physicians, patients themselves who may live with sexual or developmental 
changes are equally unable to visualize and attribute their health to environmental exposures. In 
contrast to cancer, whose effects the public recognizes, developmental health and chronic disease 
are esoteric to most without training in biological science. With nearly 2 million new cases of 
cancer in the United States each year, our population is unnervingly familiar with the gruesome 
effects of chemotherapy and of early cancer-induced death. In contrast, society lacks an intuition 
to frame its approach to endocrine disruption. While exposures to EDCs might lead to early 
puberty, preterm birth, lower intelligence, or obesity, for example, these endpoints are not as 
acute or dreadful as a tumor.  
Perhaps one limitation of the pursuit to understand endocrine disruption and health is the 
feasibility (and profitability) of treatment. While cancer therapies are not only possible, but 
profitable to healthcare providers, it seems doubtful whether treatments could reverse the effects 
of early endocrine disruption. Prevention efforts, furthermore, would surely not generate profits. 
Reducing or treating endocrine disruption, in contrast, might actually harm corporate profits; 
many of the outcomes of endocrine disruption, like diabetes, obesity, and poor fertility fuel entire 
industries, like wellness, fertility clinics, health food, supplements, and exercise.  
There exists a common misconception that diabetes and obesity result from poor lifestyle 
choices, and, consequently, changes in behavior and consumption can ameliorate these 
conditions. On a grander scale, an American narrative exists that each person holds the ultimate 
power to define their future, regardless of one’s past experiences or exposures. In line with these 
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misconceptions, rather than searching for an environmental and historical basis of disease, 
society searches for ways to reduce its calorie consumption. Because so many environmental 
factors, including these lifestyle choices, contribute to chronic health outcomes, people are far 
less willing to ascribe poor health to invisible chemical exposures. No cultural reference exists to 
frame public thinking about reproduction, development, and other chronic diseases around 
endocrine disruption.  
 
Rethinking the Origins of EDCs in the Environment 
Contaminants of emerging concern require that we rethink the ways through which 
pollutants, enter, travel through, and leave the environment. Recent events have brought to light 
the danger of assuming that modern water management systems purify and transport clean water 
infallibly. For example, in 2014, a water contamination crisis in Flint, Michigan roused concern 
that municipal water systems and piping, themselves, may are able to add contaminants to the 
water supply (Publishing, 2011). In Flint, poor water treatment caused old piping to leach lead 
into the water supply, which could cause long-term neurotoxic effects among the children who 
consumed the water (Taylor et al., 2016). In the case of Flint, Michigan, oversights in the water 
treatment system and water transportation system caused widespread harm. Quite possibly, the 
systems in place today already facilitate harm by failing to remove CECs from the water supply 
and introducing them into the environment.  
Water pollutants can enter the environment through incidental spills, structural spills, and 
diffuse emissions (Houtman, 2010; Wuijts & Van Rijswijk, 2008). Incidental spills, like an oil 
spill, for example, are temporary and usually have only short-term impacts on water quality. 
Structural spills, such as industrial effluent discharge, are continuous and therefore have ongoing 
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impacts on water quality. Diffuse emissions, like agricultural runoff, lack a specific point of 
origin and have high seasonal and spatial variation. EDCs enter the environment through all 
three avenues. For example, incidental spills of endocrine-disrupting pesticides occur 
occasionally, industrial operations frequently release effluents into environmental waters, and 
runoff collects and transports EDCs from urban landscapes to receiving bodies of water (D. D. 
Snow et al., 2017; Vidal-Dorsch et al., 2012). Figure 1 provides a basic outline of how EDCs and 
other CECs enter and travel through environmental waters. For most pollutants, the distinction 
between incidental spills, structural spills, and diffuse emissions allow engineers and public 
health officials to develop highly specific responses to pollution events.  
However, for EDCs, these distinctions do not operate in the way that one might expect. 
For example, EDCs often enter environmental waters in after passing through wastewater 
treatment plants. Studies report that the removal efficiency for EDCs tends to only range from 
60-90%, which suggests that current wastewater treatment methods are not sufficient for these 
novel contaminants (China K. Gadupudi et al., 2019; Y. Zhang & Zhou, 2008). Wastewater 
treatment plants, themselves, therefore become sources of structural spills into the environment. 
EDCs discarded down the drain, including those excreted by humans, travel to environmental 
reservoirs structurally intact. Wastewater treatment plants, which one traditionally would 
consider as a point of purification, is now also a source of structural spills. 
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Figure 1. Basic Outline of CEC Transport in the Environment 
 
Likewise, plastic piping, which has historically been assumed to transport treated 
wastewater, also has become a source of diffuse emissions. Polyvinyl chloride (PVC) piping, for 
example, is composed of long chains of vinyl chloride monomer (VCM). During the 
manufacturing process, some VCM fails to polymerize and remains embedded in the PVC piping 
as VCM. This CVM leaches into the water supply as water flows through PVC piping. VCM is a 
known carcinogen and chronic exposure can cause liver damage (Bosetti et al., 2003; Siegel, 
2019). When consumed in acute doses, VCM affects the central nervous system, causing 
dizziness, headaches, and fatigue (Brinker et al., 2015; Clewell et al., 2001). These health 
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consequences are not recent discoveries; studies from as early as the 1960s document the dangers 
of exposure to VCM (Danziger, 1960). Although VCM leakage from PVC peaks during the first 
six months of use, some vinyl chloride continues to leak into the water supply for years to follow 
(Ando & Sayato, 1984; Siegel, 2019). Little is known regarding the consequences of chronic 
exposure to VCM.  
Several endocrine disrupting compounds are also present in plastic piping. In Seth 
Siegel’s Troubled Water, Andrew J. Whelton, a professor of engineering at Purdue University, 
notes that PVC piping is only one variant of plastic piping; a long list of plastic pipe variants 
exists, each of which likely leaches its own unique mixture of compounds into the municipal 
water supply (Siegel, 2019). Epoxy-based resin, for example, is composed of bisphenols like 
BPA and BPF. These compounds have been demonstrated to leach into the water from epoxy-
based resin piping (Bae et al., 2002). Whelton observes that one striking commonality between 
the different plastic pipe materials is the fundamental lack of research regarding their short- and 
long-term leaching. No formal system exists for compiling data on safety of piping, perhaps 
because historically, when considering the infectious agents that might travel through 
environmental waters, the clean, treated water found in pipes posed little to no risk (Siegel, 
2019).  
Whereas the government regulates the safety of consumer products like baby bottles and 
pharmaceuticals through the FDA and the Consumer Product Safety Commission (CPSC), 
plastic piping does not clearly fall in the jurisdiction of any agency (Siegel, 2019). The EPA has 
not assessed leaching from plastic pipes, let alone whether leaching concerns the environment or 
human health. Under pressure from the Trump administration, the EPA has not even been able to 
improve the Lead and Copper Rule, which would adopt a rigorous approach to reducing lead 
 44 
contamination. Unlike plastics, there is no dispute on whether lead causes harm. Most local 
plumbing codes and state drinking water regulations require compliance with NSF/ANSI 
Standard 61, a set of standards on leaching by pipes overseen by the independent testing 
organization NSF International. However, given the general difficulty of assessing low 
concentrations of contaminants and the diversity of plastics from batch to batch, it is doubtful 
that piping uniformly meets standards after installation. Individual pipes may leach different 
quantities of synthetic chemicals for different periods of time due to the slight inconsistencies in 
sourcing, manufacturing, and transport processes (Siegel, 2019). NSF International, furthermore, 
accepts payments from pipe manufacturers, which calls into question its status as an impartial 
third entity (Purkiss & Whelton, 2016; Siegel, 2019).  
Because plastic pipes can leach a wide array of synthetic chemicals and EDCs into both 
municipal and environmental waters, we must reframe notions of pollution to consider even our 
transport systems as sources of impactful contamination. While the three-part framework of 
pollution entry may prove useful for thinking about EDCs, we must be careful to also consider 
surfaces and processes previously assumed inert. 
 
The Regrettable Substitution 
In Silent Spring, Rachel Carson drew attention not only the degree at which unstudied 
contaminants had permeated the environment, but also to the rate at which industry developed 
these chemicals. “To adjust to these chemicals… would be futile,” she explained, “for the new 
chemicals come from our laboratories in an endless stream; almost five hundred annually find 
their way into actual use in the United States alone” (Carson, 2002, p. 7). Today, the number of 
new chemicals that industry develops each year is closer to 2,000 (Key Issues, 2017). Rather than 
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eliciting chemophobia, or a general fear of synthetic chemicals, this rate of development should 
draw attention to the rate of replacement of novel chemicals. Carson explained that that the 
human body would require thousands of years to adapt to novel chemicals, but the swift 
development of novel replacements meant that this long-term adaptation would never occur. 
Today, when research agencies deem a particular chemical potentially harmful or when the 
public becomes wary of a chemical, like BPA, they simply replace the chemical with another 
similar, yet distinct chemical. Scholars refer to this tactic as the “regrettable substitution” 
(Trasande, 2019).  
One prominent example of “regrettable substitution” is that of Bisphenol A (BPA). 
Following public outcry, the FDA formally banned BPA from baby bottles and sippy cups in 
2012. Although today many consumer products include “BPA-free” labels, these products often 
simply replace BPA with other structurally similar compounds, like BPS, BPF, and BPAF, that 
are not banned (Figure 1).  
 
Figure 1. Bisphenol A and Example Chemical Analogs 
 
Upon first glance, Bisphenol S (BPS) looks nearly identical to BPA. The difference 
between the two compounds lies in between the bulky phenol groups; while BPA contains a 
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central carbon atom bound to two methyl groups and two phenol groups, BPS contains a central 
sulfur atom bound to two oxygen atoms and two phenol groups. Because of its structural 
similarity with BPA, it is reasonable to predict that this analog would act similarly in the body 
and therefore pose a comparable threat to human health. Indeed, recent studies suggest that the 
analogs BPS and BPF are at least as hormonally active as BPA (Rochester & Bolden, 2015). 
Naturally, speculation also exists as to whether analogs like BPS have even more deleterious 
consequences for human health than BPA. Studies have found that BPS exposure may have its 
own uniquely harmful effects (Eladak et al., 2015; Rochester & Bolden, 2015).  
To date, no regulation restricts the use of BPS use in consumer products; bans on BPA in 
baby bottles and baby food hold only for BPA, not analogs like BPS (Eladak et al., 2015). In his 
novel Troubled Water: What’s Wrong with What We Drink, author Seth Siegel frames BPS and 
other substitutions as a ‘do-over’ for manufacturers. While it would be wise to test these ‘do-
over’ compounds for safety before putting them in consumer products, Siegel laments that “that 
isn’t the way the system works. At least, not yet” (Siegel, 2019, p. 113).  
BPS is present in cleaning products, electroplating solvents, and in thermal receipt paper, 
including in papers marked “BPA-free” (Rochester & Bolden, 2015). BPS has been detected 
alongside BPA in consumer products like personal care products (lotions, makeup, toothpaste, 
etc.), currency, envelopes, airplane boarding passes, and food (Rochester & Bolden, 2015). 
Furthermore, BPS and BPA have been detected in indoor dust, sediment, sewage effluent, and 
human urine at the same order of magnitude as BPA (Rochester & Bolden, 2015).  
In contrast, few studies have considered the environmental presence of BPS in surface 
waters. Yamazaki et al. (2015) reported that BPS levels in several rivers in China and India were 
equal to or higher than BPA concentrations. Samples from India, in particular, a developing 
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country and a producer of BPS, were more concentrated than those from other regions. In some 
cases, concentrations exceeded 1000 ng/L (1 ug/L). For reference, Klecka et al. (2009) 
determined that the median concentration of BPA in North American surface waters was 81 
ng/L, and the United States EPA’s Bisphenol A Action Plan cites endocrine-related health 
consequences in rodents with daily exposure conditions as low as 2 μg per kilogram body 
weight.2  
As scientists have determined that BPS can exist in the environment at equivalent or even 
higher concentrations than BPA, the traditional perception of endocrine disrupting exposures 
likely minimizes the extent of contamination. Neither governmental agencies nor the general 
public recognize BPA analogs as threats to human health. Because humans simultaneously ingest 
BPA, BPS, and other similar compounds, research grossly underestimates the severity of 
exposures humans face today. Furthermore, not only is the public unaware of this danger, but 
corporations actively mislead the public into feeling safe with “BPA-free” labels.  
Although the scientific community has given EDCs considerably more attention since 
Colborn published her novel in the 90s, there still exists a lack of interdisciplinary research, low-
dose and cumulative safety assessments, medical training, environmental monitoring, and 
regulation, which severely impedes the public from recognizing EDCs as a health concern. 
 
Shifting the Paradigm of Pollution with Strategic Metaphors 
For EDCs, we have neither a cultural reference for the danger posed by the pollution nor 
the capability to monitor low levels, synergistic contamination, or interpret our findings. EDCs, 
 
2 These data, like those from any animal study, may not be generalizable to human populations. However, they draw 
attention to the ecological harm possible from these chemicals at the concentrations already present in the 
environment. These studies also act as early warnings for consequences later possible among humans.  
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therefore, are hard to conceptualize at all as pollution. Max Liboiron, a professor of geography 
and scholar of science and technology studies (STS) at Memorial University of Newfoundland, 
proposes in “Redefining pollution and action: the matter of plastics,” that we use the metaphor of 
smog to convey the ways in which EDCs and microplastic particles deviate from the traditional 
threshold paradigm of pollution. Microplastic particles, or microplastics, are plastic particles of 
less than 5 millimeters in length. This CEC acts as a vehicle for endocrine disruptors in the 
environment and readily enters human and animal bodies through food and water (Prata et al., 
2020).  
Microplastics challenge our traditional understanding of plastic pollution because they 
are often invisible; when we imagine environmental plastic pollution, we tend to envision plastic 
bottles on beaches or the Great Pacific Garbage Patch, a large accumulation of visible plastics in 
the Pacific Ocean. However, the extent of plastic pollution becomes far more severe as one 
realizes that plastic polymers degrade in the environment, and release perhaps an infinite 
quantity of microscopic plastic particles into the ocean, fish, and even tap water (Koelmans et al., 
2019). Microplastics not only transport plasticizers, but also act like a “sponge” for other organic 
contaminants in the environment, like PCBs and PAHs, and can deposit these contaminants 
inside of human and animal bodies (Katsnelson, 2015; Rochman et al., 2013; Smith et al., 2018). 
These particles, therefore, are both physical contaminants and chemical contaminants. 
Microplastic particles, in ways more tangible than other CECs, call for a new model of 
understanding and preventing pollution.  
Liboiron explains quite eloquently that the public responds to crises according to the 
models that scientists use to understand and explain these crises. “For example,” she clarifies, 
“calling obesity a problem of overeating rather than a problem of access to healthy food leads to 
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fundamentally different research projects and types of solutions. The representation of a problem 
forecloses some forms of action while allowing others to make sense” (Liboiron, 2016, p. 88). 
Therefore, the metaphors that scientists, NGOs, and policymakers use when explaining the perils 
of pollution have profound impacts on defining society’s long-term responses.  
Perhaps no metaphor can properly encompass the “chemical-particle duality” of 
microplastics. In the case of these particles, the toxic agents are the plasticizers, flame retardants, 
and other chemical pollutants that adsorb to and travel with the particles. However, the particles 
themselves are also toxic in the sense that they transport these agents in the environment and in 
the food and water that humans consume. Although this distinction is of great importance to the 
scientists who study pollution or endocrine disruption in laboratories, it is rather esoteric for the 
general public. Liboiron, therefore, advocates for the metaphor of smog when describing 
microplastic pollution. This metaphor conveys important information about the miniscule size of 
the particles, the ubiquity of the particles, and also evokes a visceral negative association with 
the particles. However, she notes that the metaphor of a “miasma” might be more useful for 
recognizing the true nature of EDCs; invisible, somewhat mysterious, and omnipresent.  
While the metaphor of a “smog of plastic particles” might be useful for understanding the 
ubiquity of pollution in the marine environment, I argue that that we adopt a different metaphor 
when emphasizing the effects of EDCs on human health. The smog metaphor suggests, perhaps 
precipitously, that microplastic particles are the only vehicle for EDC transport or consumption. 
In contrast, EDCs are present in endless consumer products, foods, tap water, and medical 
supplies (Bacle et al., 2016; Esteban et al., 2014; Muncke, 2009). Another shortcoming of this 
metaphor is that of visibility; EDCs are invisible to the human eye, and microplastic particles are 
usually invisible as well. Smog, in contrast, tends to be a rather salient form of pollution. The 
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most effective metaphor may not need to encompass the “chemical-particle duality,” but rather 
simply convey the ubiquity, invisibility, and danger of EDCs.  
I propose the metaphor of carbon monoxide poisoning. Like smog, carbon monoxide 
provides an accessible cultural reference to understand and fear potential harm from EDCs. Like 
EDCs, carbon monoxide is invisible and odorless, and yet the public is acutely aware of the 
danger that it poses when it fills the air inside of a home. In this sense, carbon monoxide is a 
modern, tangible equivalent of the “miasma” that will resonate in the 21st century, alluding 
clearly to powerful, invisible, and toxic agents. 
Similarly, the carbon monoxide metaphor challenges the assumption that we can always 
transport our wastes away from us or purify pollution where it is present. While in the case of 
smog, people can use air filters to maintain clean micro-environments, in the case of carbon 
monoxide there is no accessible “filtration.” The only solution to high indoor carbon monoxide 
levels is leaving the building until the source no longer emits carbon monoxide. Likewise, the 
only viable solution to EDC exposures is prevention; unlike the case of smog, source reduction is 
the only option. 
Like the smog metaphor, the carbon monoxide metaphor is imperfect. For example, the 
carbon monoxide metaphor does not inherently suggest that EDCs are widespread. Instead, it 
suggests that it is difficult to detect the presence of EDCs until it is too late. For this reason, the 
smog metaphor is better equipped to address the problem of microplastic contamination in 
marine environments. The carbon monoxide metaphor, however, is better equipped to address 
human exposures in consumer products. Likewise, the carbon monoxide metaphor emphasizes 
the cost to human health from these chemicals. Unlike smog, which centers notions of 
environmental purity and conservation, carbon monoxide centers human wellbeing in the 
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discussion of novel pollution. Crafting a metaphor that emphasizes both notions of 
environmental purity and also preventing harm to persons will help the metaphor to resonate 
better across political boundaries (Dickinson et al., 2016). Finally, the carbon monoxide 
metaphor does not fully encapsulate the unpredictability of health outcomes that may arise from 
EDC exposures, especially when considering mixtures and diverse non-monotonic dose response 
curves.  
Metaphors will play a critical role in reimagining how pollutants enter and behave in the 
environment. In a period of rapid environmental and industrial change, the threshold model of 
pollution is no longer sufficient to respond to widespread novel pollutants. EDCs and other 
CECs, like microplastics, deviate from traditional models of pollution in ways so extreme that 
the public is no longer able to conceive of the risks that they pose. It is imperative to move away 
from the assumption that low-dose exposures are safe or normal, and instead demand rigorous 
precaution.  
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Chapter 3: EDCs and Health Equity 
 
Despite a striking history of environmental pollution harming communities of color in the 
US, the relationship between environmental EDC contamination and health disparities remains 
largely unexplored. Somewhat ironically, the very origin of the environmental justice movement 
is often attributed to the 1982 protests against polychlorinated biphenyl (PCB) contamination in 
the African American community of Warren County, North Carolina. Although scientists did not 
understand the implications of PCB exposures at the time, PCBs are now some of the most 
comprehensively studied EDCs (Bell, 2014; McGovern, 2006). However, the links between 
EDCs like PCBs and health disparities are only now emerging in the field of public health and 
still play no role in clinical medicine (American Diabetes Association, 2019; Ruiz et al., 2018). 
Although the study of EDCs and human health remains in its infancy, we must proactively 
consider that EDCs do not affect all populations equally. Rather, marginalized and vulnerable 
individuals bear a greater burden of these novel exposures.  
Health disparities are “systematic, plausibly avoidable health differences adversely 
affecting socially disadvantaged groups” (Braveman et al., 2011). Health disparities distinguish 
themselves from other health differences in that they reflect social injustice and are both 
unnecessary and avoidable.3 Two fundamental principles of health equity are that health is 
necessary for one to fully participate in society and that every person has the right to achieve 
their optimal health, regardless of race or other identity (Braveman et al., 2011). When society 
denies a certain group of people the ability to achieve their optimal health on the basis of 
 
3 Many choose to use the term “health inequity” instead of “health disparity” in order to draw attention to moral 
injustice. However, others resist the use of this term because it implies causation, which is not only difficult to 
establish but also not necessary before warranting attention (Braveman et al., 2011).  
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identity, society has denied them their human right to participate in society on the basis of 
identity.  
In the United States, the term “health disparities” frequently refers to differences between 
racial and ethnic groups. People embody racism, among other forms of prejudice and 
discrimination, in their physical health (Krieger, 1999). Not all discrimination is overt or 
intentional; rather, diverse and often invisible forms of discrimination, like institutional 
discrimination and structural discrimination, play central roles in maintaining racial hierarchies 
(Krieger, 1999). These forms of discrimination, although less visible, reinforce the privilege of 
dominant actors (who are often white) at the cost of disadvantaged groups. Disproportionate 
exposures to EDCs, should they occur as a consequence of systematic discrimination, act as a 
pathway through which vulnerable communities embody discrimination.  
In considering the relationship between discrimination and health, Nancy Krieger, 
Professor of Social Epidemiology at Harvard T.H. Chan School of Public Health, advocates for 
employing an “ecosocial framework.” This theory focuses on “how we literally incorporate 
biologically—from conception to death—our social experiences and express this embodiment in 
population patterns of health, disease, and well-being” (Krieger, 1999, p. 296). In other words, 
ecosocial theory recognizes that wellbeing is the dynamic product of both social and biological 
histories. EDCs are one of many agents—social and environmental—that could reinforce 
multigenerational health inequities between white and black American populations.  
EDCs have profound impacts on the human body. Initially, these compounds were 
thought to only interfere with hormone signaling by interacting with nuclear hormone receptors, 
like estrogen receptors and androgen receptors. However, in recent years, scientists have 
determined that EDCs act not only on hormone receptors, but also on a wide variety of other 
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processes, including gene expression and metabolism (Moral et al., 2008). These compounds can 
alter the synthesis, transport, secretion, activity, and elimination of hormones in the body (Schug 
et al., 2011). The impacts of chronic exposures include not only reproductive effects, which was 
the original concern, but also developmental, neurological, cardiovascular, immune, and 
metabolic consequences (Schug et al., 2011). Therefore, disparities in exposures to EDCs have 
the potential to facilitate profound disparities in human health.  
It is well understood that marginalized racial groups in the United States bear 
disproportionate burdens of pollution. For example, neighborhoods that are occupied 
predominantly by people of color are frequently targeted for hazardous waste facilities like 
landfills and incinerators (Mohai & Saha, 2015). EDCs, like other forms of pollution, impose 
disproportionately on people of color. Studies have shown that exposure to BPA, as measured 
through urinary concentration, is often higher among black and Latinx people in comparison to 
white people (Ruiz et al., 2018). One study from the Medical University of South Carolina 
determined that pregnant African-American mothers had a 10-fold higher median concentration 
of maternal serum BPA than pregnant white mothers (Unal et al., 2012). Despite the existence of 
such striking numbers, these disparities are not recognized definitively; previous studies have 
also found comparable concentrations of urinary BPA among different racial groups (Nelson et 
al., 2012). BPA, however, is only one indicator compound among many EDCs that are yet to be 
assessed.  
Furthermore, cumulative impacts from exposures are more severe among minority groups 
(Morello-Frosch et al., 2011). Stress, for example, amplifies the harmful effects of environmental 
pollutants, and the stressors of poverty and racism are disproportionally imposed upon racial 
minorities (Gordon, 2003; Morello-Frosch et al., 2011). Marginalized racial minorities face not 
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only a disproportionate share of pollution, but also disproportionately poor health. For quite 
some time, epidemiologists have recognized that diabetes and obesity disproportionately affect 
racial and ethnic minorities and low-income communities (Hruby & Hu, 2015; Spanakis & 
Golden, 2013). Similarly, the odds of low birth weight, a predictor of future health and disease 
risk, among black babies is significantly higher than among white babies (Strutz et al., 2014). 
Although a myriad of social, economic, and historical factors contribute to these disparities, 
EDCs are likely an understudied environmental “potentiator” of these metabolic disorders 
(Sargis & Simmons, 2019). 
While several epidemiologists claim anecdotally that EDCs could contribute to racial 
health disparities, few studies have actually considered the mechanistic role of EDCs in these 
disparities. One theory is that a subset of EDCs act as ‘obesogens,’ promoting transgenerational 
weight gain, obesity, cardiovascular disease, and diabetes (Janesick & Blumberg, 2016). 
Furthermore, BPA accumulates in body fat and can be mobilized during pregnancy, increasing 
exposures among vulnerable fetuses (Nunez et al., 2001). Given that African Americans bear a 
greater burden of obesity, they likely also bear a greater risk of exposing fetuses to EDCs before 
they are even born. Exposures to EDCs early in life have profound consequences; in contrast to 
adulthood exposures, the consequences of BPA in the body of a fetus or young child last far 
longer than the duration of the compound’s presence in the body (Schug et al., 2011). Even when 
EDC exposures only occur early in life, their biological consequences can affect one’s 
descendants for generations (Xin et al., 2015). Therefore, EDCs threaten to impose 
multigenerational consequences on marginalized groups, and specifically on African Americans.  
Although several studies have considered the impacts of consumption habits on urinary 
BPA levels, such as canned soup consumption, thermal receipt paper handling, and hair product 
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use, largely unconsidered in the literature is whether environmental, rather than consumer, 
exposures to EDCs exacerbate health disparities (Carwile et al., 2011; Ehrlich et al., 2014; 
James-Todd et al., 2012; Matsumoto et al., 2003; Ranjit et al., 2010). Previously, studies have 
concluded that low endocrine activity in environmental and drinking waters signify that EDCs 
from these sources pose a low risk to humans (Leusch et al., 2018). However, as I discussed in 
Chapter 2, EDCs can have unpredictable effects at low doses and in mixtures. Likewise, without 
a small-scale analysis of EDCs in the water of neighborhoods of color, it is impossible to know 
whether disparities exist in aquatic exposures. Because marginalized racial groups are vulnerable 
to the effects of environmental pollutants, and because EDCs have the power to impose 
transgenerational health consequences, EDC prevention and monitoring should be priorities 
under the premise of health equity.  
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Chapter 4: Pilot Analysis of BPA in Environmental Waters 
 
In this chapter, I use an ELISA assay to conduct a pilot analysis of BPA in environmental waters 
as a model for future research efforts. I report my methods and key findings and provide insight 
into analysis process using ELISA assays. 
 
ELISA Analysis and Contaminants of Emerging Concern 
Several review articles reference enzyme-linked immunosorbent assays (ELISA) as a 
rapid, low-cost technique to assess environmental water samples for contaminants of emerging 
concern. However, in practice few monitoring efforts have actually employed ELISA (Castillo & 
Barceló, 1997; Chang et al., 2009; Gascón et al., 1997). In contrast, ELISA kits have been 
developed and used in academic settings to analyze water samples for CECs, including bisphenol 
A, phthalates, and estrogens (Fang et al., 2016; Hirobe et al., 2006; Manickum & John, 2015; 
Sun et al., 2019; Zheng et al., 2011).  
Chromatographic techniques such as liquid chromatography tandem mass spectroscopy 
(LC-MS/MS), the standard technique for analyzing water contaminants at low concentrations, 
are expensive, time-consuming, and require technicians with technical expertise. Furthermore, 
extraction and concentration steps are often necessary, preventing rapid analyses. In contrast, 
ELISA techniques are inexpensive, more sensitive than instrumental analytical techniques like 
LC-MS/MS, rapid, simple, and require only small sample volumes (Table 2) (Fang et al., 2016). 
ELISA techniques, therefore, make CEC analyses accessible to a greater diversity of 
environmental and community groups, including those who must perform analyses far from 
 58 
sample collection sites, those who have less time to devote to each analysis, and those with less 
technical expertise.  
Several recent studies explore the application of ELISA to the analysis of chemical 
pollutants in environmental samples. These studies investigate environmental estrogens both 
alone and alongside other instrumental techniques like LC-MS/MS (Fang et al., 2016; Ferguson 
et al., 2013; Manickum & John, 2015). Likewise, studies have also employed ELISA to assess 
phthalate concentrations in environmental waters (M. Zhang & Sheng, 2010). Several studies 
have also used ELISA assays as a rapid technique to assess CEC contamination in food and 
beverage products (Adamusova et al., 2014; Lu et al., 2012). Published studies tend to focus on 
methods development rather than performing analyses of environmental conditions.  
Very few studies, however, have applied ELISA techniques to investigate the presence of 
environmental bisphenols. Santos et al. (2016) analyzed BPA concentrations in pre- and post-
treatment sewage water in three communities in Detroit. Comparing results from LC-MS/MS 
analysis, they confirmed that high fluctuations in BPA concentrations occurred over the course 
of a year and that ELISA was a valid methodology for analyzing this flux. They note that both 
the pattern and the absolute concentrations determined by ELISA agreed with concentrations 
determined from LC-MS/MS, which means that ELISA analyses are a viable alternative to liquid 
chromatography for BPA. Specifically, the ELISA technique was sensitive enough to detect BPA 
at concentrations as low as 500 ng/L without any additional concentration through, for example, 
solid phase extraction (SPE) or affinity column chromatography, which is an especially 
important finding considering analyses that may occur in low-resource settings. 
Thus, although few studies have used ELISA to perform routine environmental analyses, 
there is considerable interest in the development of routine ELISA methods. Furthermore, 
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ELISA has been validated to assess water samples for diverse CECs, including bisphenol A, 
phthalates, and estrogens. ELISA techniques promise to lower many barriers to CEC analyses, 
including those of cost, time, and expertise.   
 
 
 Enzyme-linked 
immunosorbent assay 
(ELISA) 
Liquid chromatography 
tandem mass spectrometry 
(LC-MS/MS) 
Benefits • Rapid; high sample 
turnover 
• Simple analysis 
• Low-cost plate reader 
• High sensitivity 
• Can analyze large sample 
sets, including in the field 
• Good sensitivity 
• Better detection limits 
than LC-MS 
• Specific 
• Versatile 
• Accurate and precise 
Limitations • False positives 
• Overestimation of 
concentrations 
• Complex 
• Time consuming 
• High sample volume 
necessary 
• High consumption of 
solvents 
• High cost  
• Requires skilled 
personnel 
• Higher detection limits 
(ng/L)  
• Compounds may co-elute 
during chromatographic 
separation 
Table 1. Comparison of ELISA and LC-MS/MS Techniques for Analysis of Water 
Samples. Adapted from Fang et al. (2016) 
 
 
Literature Review 
Endocrine Disruptors in the Tijuana River 
Searches were performed on Google Scholar using the keywords “’Tijuana River’ bisphenol A,” 
“’Tijuana River’ bisphenol S,” “Tijuana River’ phthalate,” and “’Tijuana River’ estrogens.” No 
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previous studies were identified that assessed concentrations of BPA, BPS, phthalates, or 
estrogens in the Tijuana River.  
 
Endocrine Disruptors in the Los Angeles River 
Searches were performed on Google Scholar using the keywords “’Los Angeles River’ bisphenol 
A,” “’Los Angeles River’ bisphenol S,” “’Los Angeles River’ phthalate,” and “’Los Angeles 
River’ estrogens.” Results were limited to the date range of 2010 to 2020. No previous studies 
were identified that assessed phthalate or bisphenol S concentrations in the Los Angeles River.  
 
One study was identified that assessed BPA, E1, and E2 contamination in the Los Angeles River. 
Sengupta et al. (2014) detected BPA in the Los Angeles River at concentrations ranging from 
non-detect to 691 ng/L during two sampling events. They did not detect estrogens E1 or E2.  
 
Endocrine Disruptors in the Santa Ana River 
Searches were performed on Google Scholar using the keywords “’Santa Ana River’ bisphenol 
A,” “’Santa Ana River’ bisphenol S,” “’Santa Ana River’ phthalate,” and “’Santa Ana River’ 
estrogens.” Two studies were identified that assessed BPA and estrogen concentrations in the 
Santa Ana River and three additional studies were identified that assessed estrogen 
concentrations in the Santa Ana River.  
 
The 2013 Sampling Report for Emerging Constituents in the Santa Ana Region by the Santa Ana 
Watershed Project Authority monitored contaminants of emerging concern in the Santa Ana 
River from 2010 to 2013. BPA was detected at a concentration of 68 ng/L in 2011 in the Santa 
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Ana River, but was not detected in 2010, 2012, or 2013. Likewise, E2 and EE2 were not detected 
from 2010-2014. The National Water Research Institute’s 2010 Final Project Report, Source, 
Fate, and Transport of Endocrine Disruptors, Pharmaceuticals, and Personal Care Products in 
Drinking Water Sources in California, reported that they did not detect bisphenol A, E1, E2, or 
EE2 in the Santa Ana River in 2009 or 2010.  
 
Talib & Randhir (2016) detected E2 in the Santa Ana River at a concentration of 1.3 ng/L and 
2.2 ng/L. They did not detect E2 or EE2. Similarly, Ma et al. (2016) detected estrogens E1 and 
E2 in the Santa Ana River with concentration ranges of 0.16 ng/L to 9.76 ng/L and 0.47 to 0.86 
ng/L, respectively. They did not detect EE2. Harraka (2019) detected estrone and 17-beta-
estradiol at concentrations spanning approximately 0.3 ng/L to 4 ng/L in the Santa Ana River at 
6 different sites (combined, reported in EEQ).  
 
Methods 
 
Sample Collection 
Water samples were collected from Southern California and Baja California, Mexico. 11 
total samples were collected: 10 environmental grab samples from 5 different sites, and one tap 
water sample from the Pomona College Biochemistry Teaching Laboratory. The environmental 
grab samples were collected from Mt. Baldy Creek, the Los Angeles River, and the Tijuana 
River on February 9, 2020, February 22, 2020, and February 29, 2020, respectively. Each 
sampling event took place during dry weather. General water quality parameters were recorded 
at each sampling event (pH, dissolved oxygen, alkalinity, temperature). The GPS location of 
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each grab sample and the water quality parameters were recorded on-site using the MagPi+ 
iPhone survey application. 
The water samples were collected and stored according to the recommendations published 
in the Government of Canada’s “Guide for sampling and analysis bisphenol A in industrial 
effluent.” Grab samples were collected in 1 L amber glass bottles with Teflon caps. Prior to 
sampling, the bottles were triple rinsed with laboratory-grade methanol and triple rinsed with 
deionized water. 
In the field, the amber glass bottles were rinsed three times with environmental water and 
then filled completely with environmental water to avoid volatilization or atmospheric 
contamination. “Field blank” samples of deionized water were also collected during each 
sampling event. These samples were treated the same as the environmental samples to assess 
potential contamination from the equipment or sampling protocol. Samples were stored in on ice 
immediately following collection and then stored at 4° C until analysis. A small quantity of 
several water samples from the Tijuana River were transferred to smaller amber glass bottles and 
frozen at -20° C. All samples were analyzed within four weeks of collection. 
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Fig 1. Sampling Locations in California, USA (A) and Baja California, Mexico (B). Sample 
collection points are noted in green. 
 
   
Fig 2. Mt. Baldy Sampling Site. 
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Fig. 3 Los Angeles River Sampling Site. 
 
   
Fig. 4 Tijuana River, Single Inflow Sampling Site. This “single inflow” water mixes with 
another stream before entering the concretized Tijuana River.  
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Fig. 5 Tijuana River, Mixed Inflow Sampling Site. This “mixed inflow” is the water that 
combines from two distinct streams before entering the concretized Tijuana River.  
 
 
Fig. 6 Tijuana River, Bridge Sampling Site. 
 
ELISA Assay Analysis 
A Detroit R&D, Inc. BPA ELISA Kit 96-well plate was prepared according to manufacturer 
instructions. Due to time limitations, the plate incubated with BPA-HRP conjugate at room 
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temperature for a duration of one hour. Water samples were not diluted before analysis. 
Absorbance (450 nm) was determined in triplicate for each water sample. The limit of detection 
was determined to be <10 pg/mL by triple standard deviation of the blank. 
 
Quantification 
A standard curve was constructed as directed by the Detroit R&D, Inc. BPA ELISA Kit manual 
(Appendix A). A four-parameter logistic (4PL) curve was fit to this standard curve and used to 
determine the concentration of BPA in each well (Appendix A). The average concentration of 
BPA determined for each environmental blank was subtracted from its corresponding 
environmental samples. Concentrations were determined for two samples at each environmental 
collection site and for one sample of tap water (Appendix B). BPA concentrations were 
determined for frozen and refrigerated samples from Tijuana in order to assess for decay during 
storage (Appendix C).  
 
Results 
 
Table 1. Qualitative Comparison of Sample Rivers 
River Odor Turbidity 
Mt. Baldy Creek None Clear 
Los Angeles River Mild Somewhat turbid 
Tijuana River  Very strong; sewage Very turbid 
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Fig 7. BPA concentrations (ug/L) in environmental water and tap water samples. The reported 
environmental concentrations are of two environmental samples, each analyzed in triplicate. The 
tap water concentration is representative of one sample, analyzed in triplicate. The concentration 
of BPA (ug/L) in each sample is noted above the bar. 
 
 
 
Fig 8. BPA concentrations (ug/L) in environmental water samples only. The reported 
concentrations are representative of two environmental samples, each analyzed in triplicate. The 
tap sample is representative of one sample, analyzed in triplicate. The concentration of BPA 
(ug/L) in each sample is noted above the bar. 
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Discussion 
This analysis of BPA at several environmental sites and in tap water provides insightful 
snapshots of the ubiquity of endocrine-disrupting contamination in our environment. These 
results provide qualitative confirmation that BPA pollution is present in diverse environmental 
waters, including both relatively unpolluted and polluted environments. Specifically, these 
results suggest that BPA is present in urban rivers at concentrations equivalent to those recorded 
in wastewater treatment plant effluents (Santos et al., 2016). Because these results are based on 
single grab-sampling events, they serve to begin the process of characterizing contamination in 
traditionally overlooked environments. 
 
Contamination 
All of the field blanks contained a quantifiable amount of BPA, indicating that contamination 
occurred during sampling or storage (Appendix D). Possible sources of contamination include 
bisphenol A in atmospheric water, dust particles, or the amber bottle lids. The average 
concentration of BPA in the field blanks was subtracted from their corresponding environmental 
samples in order to account for contamination.    
 
Tap Water 
An obvious discrepancy exists between the concentration of BPA in the tap water sample and 
the environmental water samples. The tap water sample contains approximately 28 times more 
BPA than in the most heavily concentrated environmental sample (Fig. 7). Because BPA is not 
removed effectively from waters at wastewater treatment plants, water reuse could account for 
heightened levels of BPA in tap water. However, water delivered to the tap in Claremont is a mix 
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of water from several sources: groundwater basins in Chino, Pomona, and Upper Claremont 
Heights, and imported water from the Colorado River Aqueduct and the State Water Project, and 
none of these sources contain reusable potable water (Golden State Water Company, 2019). 
Although Claremont does not deliver recycled water to the tap, surface waters that contain BPA 
could percolate through soils to groundwater basins, delivering BPA that does not adsorb to soil 
particles. Further research is necessary to confirm the elevated concentration of BPA in tap water 
and to discern its origin.  
The concentration of BPA discerned in this pilot study (72 ug/L) is unusually high in 
comparison to those determined in previous analyses. In an analysis of Spanish tap water, 
Esteban et al. (2014) reported that BPA ranged from 2.4 ng/L to 50.3 ng/L. Maggioni et al. 
(2013) reported that BPA in Italian tap water samples ranged from non-detect to 102 ng/L, 
although most samples ranged from non-detect to 2 ng/L. Arnold et al. (2013), furthermore, 
reported in a review of BPA contamination in drinking water that the maximum quantified BPA 
concentration in North American drinking water was 99 ng/L. However, of the four studies that 
considered water sample from the USA, only two analyses, Benotti et al. (2009) and Carter et al. 
(2012), considered BPA from American drinking water. Furthermore, neither study considered 
water directly from the tap, the point of human consumption. Rather, Benotti et al. (2009) 
considered “source” and “finished” water from wastewater treatment plants and Carter et al. 
(2012) analyzed groundwater and surface water samples. Carter et al. (2012) noted, furthermore, 
that analyses for BPA were inconclusive and consequently excluded BPA quantifications from 
their results. Thus, if BPA enters the water supply after it leaves the treatment facility, these 
studies would not have reported the correct concentration of BPA in drinking water.  
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There exists a fundamental lack of research quantifying BPA in tap water at the point of 
consumption, which may contribute to a mischaracterization of the relevance of tap water as a 
route of exposure to bisphenol A and other EDCs. The lack of geographic precision in these 
analyses, furthermore, may mask disparities in exposure to BPA in tap water. Additional analysis 
is necessary to confirm whether the BPA concentration in Claremont tap water is truly as high as 
72 ug/L; I was unable to replicate this analysis due to time limitations associated with the 
COVID-19 pandemic. Although we cannot interpret the results in this pilot study quantitatively 
without replication and validation by established methods, such as liquid chromatography, these 
data suggest that BPA concentrations may be higher than expected in tap water. Future research 
should incorporate geographic rigor (for example, assessing patterns in BPA concentration 
across a specific urban area), and also analyze tap water samples until the point of human 
consumption.  
 
Urban Environmental Water 
The concentration of BPA in my environmental samples ranged from 0.1 μg /L to 2.5 μg /L 
(Fig. 8). Several of these concentrations are elevated, but precedented, for environmental surface 
waters. Staples et al. (2018) reported that 28% of North American surface water samples 
analyzed for BPA between 1996 and 2014 contained BPA above the detection limit, with a 50th 
percentile concentration of 5 ng/L (95% CI: 3 ng/L to 8 ng/L). Most concentrations of BPA 
ranged from 0.1 μg to 1.0 μg/L, although this meta-analysis reported concentrations as high as 10 
μg/L in some waters. The Mt. Baldy Creek sample contained BPA at levels comparable to the 
50th percentile as reported in Staples et al. (2018), however, as expected, the Los Angeles and 
Tijuana River samples were elevated above traditional environmental BPA concentrations. 
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The two Tijuana Inflow sites (2.2 ug/L, 2.5 ug/L) were consistent with the concentration of 
BPA determined by Wilkinson et al. (2016) for street runoff (2.4 ug/L). Notably, the 
concentrations of BPA in the two Tijuana inflow waters are elevated above that of BPA in the 
Tijuana River, itself, indicating that that the inflow waters are a source of BPA in the concretized 
river. The inflow waters may collect BPA from the urban environment while flowing to the 
concretized river, however the elevated concentrations of BPA may also reflect industrial 
pollution. Further research is necessary to identify the source of the BPA in the urban 
environment.  
Despite other prominent differences in water quality between the Los Angles and Tijuana 
Rivers, including an odor of sewage and high turbidity in Tijuana in comparison to Los Angles, 
the concentration of BPA was comparable in both urban rivers (Fig. 8). Additionally, the 
concentration of BPA in Mt. Baldy Creek, a body of water that appears pristine and has no 
unpleasant odor, was only slightly lower than that of the concretized urban rivers. These results 
provide compelling evidence of the ubiquity of endocrine disrupting pollution in our waters.  
 
Limitations 
Because this methodology relied on grab sampling, the current analysis can only provide 
snapshots of BPA contamination on individual days in February. However, predictable 
fluctuations in BPA concentrations may occur over time. For example, Santos et al. (2016) 
demonstrated that BPA contamination in three Detroit wastewater treatment plants were elevated 
in summer months in comparison to winter months. Furthermore, if waters have industrial 
origins, like the Tijuana “Single Inflow” sampling site, BPA concentrations may reflect patters 
 72 
of production. Further research is necessary to understand whether temporal changes exist in 
urban aquatic BPA concentrations during a day, week, month, or season. 
Another striking limitation I encountered while collecting and analyzing samples is that of 
storage time and analysis coordination. The Canadian governmental guidelines recommend that 
samples remain in a 4°C refrigerator for no more than 28 days before analysis. A previously 
undiscussed advantage of chromatographic methods is the ability to analyze individual samples 
at different points in time. For example, it would be possible to analyze water samples from 
Tijuana the day after travelling to Tijuana and water samples from Los Angeles the following 
week, after collecting water from Los Angeles, using the same LC-MS program. Because all 
samples must be analyzed simultaneously when using a 96-well ELISA Kit, I needed to plan 
sampling, storage, and analysis dates meticulously. Even after careful planning, the samples 
spent different durations of time in storage at 4°C, which may have facilitated differential 
amounts of decay between samples. For this reason, ELISA kits are better suited for analyzing 
several samples from a proximate geographic area than for comparing water samples from 
diverse geographic settings.  
 
Conclusions and Future Directions 
The data reported in this pilot analysis suggest that by omitting urban environmental 
waters and tap water at the point of consumption, previous studies may have mischaracterized 
not only the nature of EDCs in the environment, but also the degree of human exposure through 
water. Such unexplored exposures, like, for example, water droplets in the air by the Tijuana 
River Channel, may pose an appreciable threat to health, especially when considering the 
disproportionately vulnerable populations that live in the vicinity of the river. Likewise, tap 
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water in even a highly urbanized and wealthy area of California may contain higher 
concentrations of EDCs than previously thought. This analysis provides further evidence that 
analyzing water directly after treatment is not sufficient to predict human exposures to EDCs at 
the tap. When we consider their implications for cumulative human exposures, EDCs in 
environmental waters and treated tap water remain poorly understood.  
This analysis considered only one EDC: Bisphenol A. Although in recent years both 
scientists and the public have developed a stronger understanding of the risks of endocrine 
disruption, the production and discharge of BPA have only grown (Corrales et al., 2015). We 
now understand that as BPA becomes more common in the environment, this exposure does not 
occur in isolation; BPA likely acts as an indicator for the presence of a wide array of EDCs in the 
environment. Future studies must consider not only BPA, but also its analog compounds like 
BPS. In the coming years, it will be critical to determine whether exposures to other novel 
compounds have occurred without oversight and to what degree these cumulative exposures have 
caused harm. 
ELISA assays, as a rapid and low-cost alternative to chromatographic instruments, 
promise to provide an accessible approach to EDC monitoring. Although some studies suggest 
that ELISA assays would be of use for routine monitoring at wastewater treatment plants, I 
suggest that they could also be of use to environmental community organizations. Although the 
analysis does require some training, the approach is accessible to all with a basic understanding 
of science and requires no advanced technical skills. Basic microplate readers are available for as 
little as $5,000 new, and less than $2,000 used, and each 96-well ELISA kit costs approximately 
$300. Therefore, with some initial funding and support, ELISA kits could empower communities 
to identify and characterize their exposure to EDCs.  
 74 
In order to elucidate the relationship between health disparities and EDCs, I suggest that 
future analyses limit their geographic scopes to smaller regions. These analyses should consider 
both exposure to EDCs through tap water at the point of consumption, but also in relevant 
environmental surface waters. It is feasible that some tap water systems, due to differences in 
geography and infrastructure, will demonstrate appreciable differences in EDC concentrations. 
Likewise, future analyses should compare both well-studied and understudied contaminants in 
order to uncover the extent of cumulative EDC exposures.  
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Appendices 
 
Appendix A. BPA Elisa Kit Standard Curve 
 
 
Appendix B. Environmental BPA  
 
 
BPA concentrations (ug/L) in each environmental water grab sample. The reported 
concentrations are representative of one environmental sample, analyzed in triplicate. The 
concentration of BPA (ug/L) in each sample is noted above the bar. 
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Appendix C. Environmental BPA in Frozen Samples 
 
 
BPA concentrations in frozen and refrigerated Tijuana River water samples. Samples stored at  
-20°C before analysis are labeled “frozen.” All other samples were stored at 4°C. The 
concentration of BPA (ug/L) in each sample is noted above the bar. Concentrations are reported 
without correction for field contamination.  
 
Appendix D. Field Blank BPA Concentrations 
 
 
BPA concentrations (ug/L) in each field blank water sample. The reported concentrations are 
representative of one sample, analyzed in triplicate. The concentration of BPA (ug/L) in each 
sample is noted above the bar.  
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Conclusion 
 
Given the diversity of contaminants of emerging concern, and even the diversity among 
endocrine disrupting compounds alone, I often question whether there is utility at all in referring 
to these compounds as a collective. Confronted by the perhaps immeasurable consequences that 
these pollutants pose for human and ecological health, I wonder: can humanity ever adapt to the 
catastrophe it has made of its own environment? The words of Rachel Carson ring ominously: 
“to adjust to these chemicals would require time on the scale that is nature’s; it would require not 
merely the years of a man’s life but the life of generations. And even this, were it by some 
miracle possible, would be futile, for the new chemicals come from our laboratories in an endless 
stream” (Carson, 2002, p. 7).  
I, like Rachel Carson, do not suggest that we fear chemicals indiscriminately, but rather 
fear our historic lack of precaution toward altering the environments that humans embody so 
intricately in their health. For the rest of our existence, humanity must adapt to novel 
contaminants. By labeling the cases that defy our assumptions, we draw attention to the 
frequency with which our models of human relationships with the environment fail. We draw 
attention to the fact that when contaminants emerge as harmful, they do so first and most 
powerfully among marginalized communities. Finally, we draw attention to the fallacy of our 
assumption that we can endlessly extract resources from the environment, degrade them 
irreparably, and release them again at no cost to ourselves. The only way to begin to approach to 
EDC contamination and, in a broader sense, all novel contamination, is to question fundamental 
assumptions about pollution. By highlighting contaminants as CECs, regardless of the nature of 
the contaminant, we emphasize the need for interdisciplinary involvement, precaution, and 
equity. In turn, we equip ourselves to approach the next emergent case swiftly and equitably.  
 78 
Bibliography 
 
Adamusova, H., Bosakova, Z., Coufal, P., & Pacakova, V. (2014). 
Analysis of estrogens and estrogen mimics in edible 
matrices-A review: Liquid Chromatography. Journal of 
Separation Science, 37(8), 885–905. 
https://doi.org/10.1002/jssc.201301234 
Ando, M., & Sayato, Y. (1984). Studies on vinyl chloride 
migrating into drinking water from polyvinyl chloride 
pipe and reaction between vinyl chloride and chlorine. 
Water Research, 18(3), 315–318. 
https://doi.org/10.1016/0043-1354(84)90105-2 
Aneck-Hahn, N. H., Van Zijl, M. C., Swart, P., Truebody, B., 
Genthe, B., Charmier, J., & Jager, C. D. (2018). 
Estrogenic activity, selected plasticizers and potential 
health risks associated with bottled water in South 
Africa. Journal of Water and Health, 16(2), 253–262. 
https://doi.org/10.2166/wh.2018.043 
Arnold, S. M., Clark, K. E., Staples, C. A., Klecka, G. M., 
Dimond, S. S., Caspers, N., & Hentges, S. G. (2013). 
Relevance of drinking water as a source of human 
exposure to bisphenol A. Journal of Exposure Science 
& Environmental Epidemiology, 23(2), 137–144. 
https://doi.org/10.1038/jes.2012.66 
Ashraf, M. A. (2017). Persistent organic pollutants (POPs): A 
global issue, a global challenge. Environmental Science 
and Pollution Research, 24(5), 4223–4227. 
https://doi.org/10.1007/s11356-015-5225-9 
Association, A. D. (2019). 1. Improving Care and Promoting 
Health in Populations: Standards of Medical Care in 
Diabetes—2019. Diabetes Care, 42(Supplement 1), 
S7–S12. https://doi.org/10.2337/dc19-S001 
Bacle, A., Thevenot, S., Grignon, C., Belmouaz, M., Bauwens, M., 
Teychene, B., Venisse, N., Migeot, V., & Dupuis, A. 
(2016). Determination of bisphenol A in water and the 
medical devices used in hemodialysis treatment. 
International Journal of Pharmaceutics, 505(1), 115–
121. https://doi.org/10.1016/j.ijpharm.2016.03.003 
Bae, B., Jeong, J. H., & Lee, S. J. (2002). The quantification and 
characterization of endocrine disruptor bisphenol-A 
leaching from epoxy resin. Water Science and 
Technology, 46(11–12), 381–387. 
https://doi.org/10.2166/wst.2002.0766 
Bai, X., Lutz, A., Carroll, R., Keteles, K., Dahlin, K., Murphy, M., 
& Nguyen, D. (2018). Occurrence, distribution, and 
seasonality of emerging contaminants in urban 
watersheds. Chemosphere, 200, 133–142. 
https://doi.org/10.1016/j.chemosphere.2018.02.106 
Bansal, A., Henao-Mejia, J., & Simmons, R. A. (2018). Immune 
System: An Emerging Player in Mediating Effects of 
Endocrine Disruptors on Metabolic Health. 
Endocrinology, 159(1), 32–45. 
https://doi.org/10.1210/en.2017-00882 
Bell, M. R. (2014). Endocrine-disrupting actions of PCBs on brain 
development and social and reproductive behaviors. 
Current Opinion in Pharmacology, 19, 134–144. 
https://doi.org/10.1016/j.coph.2014.09.020 
Benotti, M. J., Trenholm, R. A., Vanderford, B. J., Holady, J. C., 
Stanford, B. D., & Snyder, S. A. (2009). 
Pharmaceuticals and endocrine disrupting compounds 
in U.S. drinking water. Environmental Science & 
Technology, 43(3), 597–603. 
https://doi.org/10.1021/es801845a 
Bentivoglio, M., & Pacini, P. (1995). Filippo Pacini: A determined 
observer. Brain Research Bulletin, 38(2), 161–165. 
https://doi.org/10.1016/0361-9230(95)00083-Q 
Bergh, C., Torgrip, R., Emenius, G., & Östman, C. (2011). 
Organophosphate and phthalate esters in air and settled 
dust – a multi-location indoor study. Indoor Air, 21(1), 
 79 
67–76. https://doi.org/10.1111/j.1600-
0668.2010.00684.x 
Bisphenol A Action Plan. (2010). U.S. Environmental Protection 
Agency, 22. 
Blevins, S. M., & Bronze, M. S. (2010). Robert Koch and the 
‘golden age’ of bacteriology. International Journal of 
Infectious Diseases, 14(9), e744–e751. 
https://doi.org/10.1016/j.ijid.2009.12.003 
Bosetti, C., La Vecchia, C., Lipworth, L., & McLaughlin, J. K. 
(2003). Occupational exposure to vinyl chloride and 
cancer risk: A review of the epidemiologic literature. 
European Journal of Cancer Prevention, 12(5), 427. 
Braveman, P. A., Kumanyika, S., Fielding, J., LaVeist, T., Borrell, 
L. N., Manderscheid, R., & Troutman, A. (2011). 
Health Disparities and Health Equity: The Issue Is 
Justice. American Journal of Public Health, 101(S1), 
S149–S155. https://doi.org/10.2105/AJPH.2010.300062 
Briggs, H. (2019, September 13). “Cocktail of pollutants” found in 
dolphins. BBC News. 
https://www.bbc.com/news/science-environment-
49675283 
Brinker, K., Lumia, M., Markiewicz, K. V., Duncan, M. A., 
Dowell, C., Rey, A., Wilken, J., Shumate, A., Taylor, 
J., & Funk, R. (2015). Assessment of Emergency 
Responders After a Vinyl Chloride Release from a 
Train Derailment—New Jersey, 2012. MMWR. 
Morbidity and Mortality Weekly Report, 63(53), 1233–
1237. 
Cantor, K. P. (1982). Epidemiological evidence of carcinogenicity 
of chlorinated organics in drinking water. 
Environmental Health Perspectives, 46, 187–195. 
Cariati, F., D’Uonno, N., Borrillo, F., Iervolino, S., Galdiero, G., & 
Tomaiuolo, R. (2019). “Bisphenol a: An emerging 
threat to male fertility.” Reproductive Biology and 
Endocrinology : RB&E, 17. 
https://doi.org/10.1186/s12958-018-0447-6 
Carson, R. (2002). Silent Spring. Houghton Mifflin Harcourt. 
Carwile, J. L., Ye, X., Zhou, X., Calafat, A. M., & Michels, K. B. 
(2011). Canned soup consumption and urinary 
bisphenol A: A randomized crossover trial. JAMA, 
306(20), 2218–2220. 
https://doi.org/10.1001/jama.2011.1721 
Castillo, M., & Barceló, D. (1997). Analysis of industrial effluents 
to determine endocrine-disrupting chemicals. TrAC 
Trends in Analytical Chemistry, 16(10), 574–583. 
https://doi.org/10.1016/S0165-9936(97)00090-3 
Celander, M. C. (2011). Cocktail effects on biomarker responses in 
fish. Aquatic Toxicology, 105(3, Supplement), 72–77. 
https://doi.org/10.1016/j.aquatox.2011.06.002 
Chang, H.-S., Choo, K.-H., Lee, B., & Choi, S.-J. (2009). The 
methods of identification, analysis, and removal of 
endocrine disrupting compounds (EDCs) in water. 
Journal of Hazardous Materials, 172(1), 1–12. 
https://doi.org/10.1016/j.jhazmat.2009.06.135 
Cheng, L., Gao, L., Guan, W., Mao, J., Hu, W., Qiu, B., Zhao, J., 
Yu, Y., & Pei, G. (2015). Direct conversion of 
astrocytes into neuronal cells by drug cocktail. Cell 
Research, 25(11), 1269–1272. 
https://doi.org/10.1038/cr.2015.120 
China K. Gadupudi, Louis Rice, Libin Xiao, & Komali 
Kantamaneni. (2019). Endocrine Disrupting 
Compounds Removal Methods from Wastewater in the 
United Kingdom: A Review. Sci, 1(1), 15. 
https://doi.org/10.3390/sci1010015.v1 
Cizmas, L., Sharma, V. K., Gray, C. M., & McDonald, T. J. 
(2015). Pharmaceuticals and personal care products in 
waters: Occurrence, toxicity, and risk. Environmental 
Chemistry Letters, 13(4), 381–394. 
https://doi.org/10.1007/s10311-015-0524-4 
 80 
Clewell, H. J., Gentry, P. R., Gearhart, J. M., Allen, B. C., & 
Andersen, M. E. (2001). Comparison of cancer risk 
estimates for vinyl chloride using animal and human 
data with a PBPK model. Science of The Total 
Environment, 274(1), 37–66. 
https://doi.org/10.1016/S0048-9697(01)00730-6 
Colborn, T., & Clement, C. (1992). Chemically-induced alterations 
in sexual and functional development: The 
wildlife/human connection. Advances in Modern 
Environmental Toxicology (USA). 
http://agris.fao.org/agris-
search/search.do?recordID=US9545328 
Colborn, T, vom Saal, F. S., & Soto, A. M. (1993). Developmental 
effects of endocrine-disrupting chemicals in wildlife 
and humans. Environmental Health Perspectives, 
101(5), 378–384. 
Colborn, Theo, Dumanoski, D., & Myers, J. P. (1997). Our stolen 
future: Are we threatening our fertility, intelligence, 
and survival?: a scientific detective story: with a new 
epilogue by the authors. Penguin Group. 
Corrales, J., Kristofco, L. A., Steele, W. B., Yates, B. S., Breed, C. 
S., Williams, E. S., & Brooks, B. W. (2015). Global 
Assessment of Bisphenol A in the Environment. Dose-
Response, 13(3). 
https://doi.org/10.1177/1559325815598308 
Danziger, H. (1960). Accidental Poisoning by Vinyl Chloride. 
Canadian Medical Association Journal, 82(16), 828–
830. 
Demeneix, B. (2017). Toxic cocktail: How chemical pollution is 
poisoning our brains. Oxford University Press. 
DeRouen, T. A., & Diem, J. E. (1975). The New Orleans drinking 
water controversy. A statistical perspective. American 
Journal of Public Health, 65(10), 1060–1062. 
Desai, M., Jellyman, J. K., & Ross, M. G. (2015). Epigenomics, 
gestational programming and risk of metabolic 
syndrome. International Journal of Obesity, 39(4), 
633–641. https://doi.org/10.1038/ijo.2015.13 
Dickinson, J. L., McLeod, P., Bloomfield, R., & Allred, S. (2016). 
Which Moral Foundations Predict Willingness to Make 
Lifestyle Changes to Avert Climate Change in the 
USA? PLoS ONE, 11(10). 
https://doi.org/10.1371/journal.pone.0163852 
dksackett. (2017, November 6). A cocktail of contaminants: Why 
environmental toxicologists are moving away from 
single-chemical science. The Fisheries Blog. 
https://thefisheriesblog.com/2017/11/05/a-cocktail-of-
contaminants-why-environmental-toxicologists-are-
moving-away-from-single-chemical-science/ 
Ehrlich, S., Calafat, A. M., Humblet, O., Smith, T., & Hauser, R. 
(2014). Handling of Thermal Receipts as a Source of 
Exposure to Bisphenol A. JAMA, 311(8), 859–860. 
https://doi.org/10.1001/jama.2013.283735 
Eladak, S., Grisin, T., Moison, D., Guerquin, M.-J., N’Tumba-Byn, 
T., Pozzi-Gaudin, S., Benachi, A., Livera, G., Rouiller-
Fabre, V., & Habert, R. (2015). A new chapter in the 
bisphenol A story: Bisphenol S and bisphenol F are not 
safe alternatives to this compound. Fertility and 
Sterility, 103(1), 11–21. 
https://doi.org/10.1016/j.fertnstert.2014.11.005 
Esteban, S., Gorga, M., González-Alonso, S., Petrovic, M., 
Barceló, D., & Valcárcel, Y. (2014). Monitoring 
endocrine disrupting compounds and estrogenic activity 
in tap water from Central Spain. Environmental Science 
and Pollution Research, 21(15), 9297–9310. 
https://doi.org/10.1007/s11356-014-2847-2 
Fagin, D. (2014). Toms River: A story of science and salvation. 
Falkow, S. (2004). Molecular Koch’s postulates applied to 
bacterial pathogenicity—A personal recollection 15 
years later. Nature Reviews. Microbiology, 2(1), 67–72. 
https://doi.org/10.1038/nrmicro799 
 81 
Fang, T. Y., Praveena, S. M., deBurbure, C., Aris, A. Z., Ismail, S. 
N. S., & Rasdi, I. (2016). Analytical techniques for 
steroid estrogens in water samples—A review. 
Chemosphere, 165, 358–368. 
https://doi.org/10.1016/j.chemosphere.2016.09.051 
Ferguson, E. M., Allinson, M., Allinson, G., Swearer, S. E., & 
Hassell, K. L. (2013). Fluctuations in natural and 
synthetic estrogen concentrations in a tidal estuary in 
south-eastern Australia. Water Research, 47(4), 1604–
1615. https://doi.org/10.1016/j.watres.2012.12.020 
Gardner, J. W. (2002). Death by Water Intoxication. Military 
Medicine, 167(5), 432–434. 
https://doi.org/10.1093/milmed/167.5.432 
Gascón, J., Oubiña, A., & Barceló, D. (1997). Detection of 
endocrine-disrupting pesticides by enzyme-linked 
immunosorbent assay (ELISA): Application to atrazine. 
TrAC Trends in Analytical Chemistry, 16(10), 554–562. 
https://doi.org/10.1016/S0165-9936(97)00051-4 
Gehle, K. S., Crawford, J. L., & Hatcher, M. T. (2011). Integrating 
Environmental Health Into Medical Education. 
American Journal of Preventive Medicine, 41(4), S296–
S301. https://doi.org/10.1016/j.amepre.2011.06.007 
Giulivo, M., Lopez de Alda, M., Capri, E., & Barceló, D. (2016). 
Human exposure to endocrine disrupting compounds: 
Their role in reproductive systems, metabolic syndrome 
and breast cancer. A review. Environmental Research, 
151, 251–264. 
https://doi.org/10.1016/j.envres.2016.07.011 
Gogoi, A., Mazumder, P., Tyagi, V. K., Tushara Chaminda, G. G., 
An, A. K., & Kumar, M. (2018). Occurrence and fate of 
emerging contaminants in water environment: A 
review. Groundwater for Sustainable Development, 6, 
169–180. https://doi.org/10.1016/j.gsd.2017.12.009 
Gordon, C. J. (2003). Role of environmental stress in the 
physiological response to chemical toxicants. 
Environmental Research, 92(1), 1–7. 
Grandjean, P. (2016). Paracelsus Revisited: The Dose Concept in a 
Complex World. Basic & Clinical Pharmacology & 
Toxicology, 119(2), 126–132. 
https://doi.org/10.1111/bcpt.12622 
Greenspan, L. C., & Lee, M. M. (2018). Endocrine disrupters and 
pubertal timing. Current Opinion in Endocrinology, 
Diabetes, and Obesity, 25(1), 49–54. 
https://doi.org/10.1097/MED.0000000000000377 
Gregg, T., Prahl, F. G., & Simoneit, B. R. T. (2015). Suspended 
particulate matter transport of polycyclic aromatic 
hydrocarbons in the lower Columbia River and its 
estuary. Limnology and Oceanography, 60(6), 1935–
1949. https://doi.org/10.1002/lno.10144 
Hirobe, M., Goda, Y., Okayasu, Y., Tomita, J., Takigami, H., Ike, 
M., & Tanaka, H. (2006). The use of enzyme-linked 
immunosorbent assays (ELISA) for the determination 
of pollutants in environmental and industrial wastes. 
Water Science and Technology, 54(11–12), 1–9. 
https://doi.org/10.2166/wst.2006.735 
History of Drinking Water Treatment | Drinking Water | Healthy 
Water | CDC. (2018, October 10). 
https://www.cdc.gov/healthywater/drinking/history.htm
l 
Houtman, C. J. (2010). Emerging contaminants in surface waters 
and their relevance for the production of drinking water 
in Europe. Journal of Integrative Environmental 
Sciences, 7(4), 271–295. 
https://doi.org/10.1080/1943815X.2010.511648 
Hruby, A., & Hu, F. B. (2015). The Epidemiology of Obesity: A 
Big Picture. PharmacoEconomics, 33(7), 673–689. 
https://doi.org/10.1007/s40273-014-0243-x 
 82 
Hu, J., Raikhel, V., Gopalakrishnan, K., Fernandez-Hernandez, H., 
Lambertini, L., Manservisi, F., Falcioni, L., Bua, L., 
Belpoggi, F., L.Teitelbaum, S., & Chen, J. (2016). 
Effect of postnatal low-dose exposure to environmental 
chemicals on the gut microbiome in a rodent model. 
Microbiome, 4(1), 26. https://doi.org/10.1186/s40168-
016-0173-2 
Ianiro, G., Tilg, H., & Gasbarrini, A. (2016). Antibiotics as deep 
modulators of gut microbiota: Between good and evil. 
Gut, 65(11), 1906–1915. https://doi.org/10.1136/gutjnl-
2016-312297 
Institute of Medicine (US) Committee for the Study of the Future 
of Public Health. (1988). A History of the Public Health 
System. National Academies Press (US). 
https://www.ncbi.nlm.nih.gov/books/NBK218224/ 
James-Todd, T., Senie, R., & Terry, M. B. (2012). Racial/Ethnic 
Differences in Hormonally-Active Hair Product Use: A 
Plausible Risk Factor for Health Disparities. Journal of 
Immigrant and Minority Health, 14(3), 506–511. 
https://doi.org/10.1007/s10903-011-9482-5 
Janesick, A. S., & Blumberg, B. (2016). Obesogens: An emerging 
threat to public health. American Journal of Obstetrics 
and Gynecology, 214(5), 559–565. 
https://doi.org/10.1016/j.ajog.2016.01.182 
Janet M. Carter, James A. Kinsbury, Jessica A. Hopple, & Gregory 
C. Delzer. (n.d.). Concentration data for anthropogenic 
organic compounds in groundwater, surface water, and 
finished water of selected community water systems in 
the United States, 2002–10 (National Water-Quality 
Assessment Program Source Water-Quality 
Assessment). U.S. Geological Survey Data Series. 
Retrieved April 15, 2020, from 
https://pubs.usgs.gov/ds/544/ 
Katsnelson, A. (2015). News Feature: Microplastics present 
pollution puzzle. Proceedings of the National Academy 
of Sciences of the United States of America, 112(18), 
5547–5549. https://doi.org/10.1073/pnas.1504135112 
Key Issues: Toxic Chemicals - High Risk Issue. (n.d.). Retrieved 
May 6, 2020, from 
https://www.gao.gov/key_issues/toxic_chemicals/issue
_summary 
Klecka, G. M., Staples, C. A., Clark, K. E., Van der Hoeven, N., 
Thomas, D. E., & Hentges, S. G. (2009). Exposure 
analysis of bisphenol A in surface water systems in 
North America and Europe. Environmental Science & 
Technology, 43(16), 6145–6150. 
https://doi.org/10.1021/es900598e 
Koch, T., & Denike, K. (2009). Crediting his critics’ concerns: 
Remaking John Snow’s map of Broad Street cholera, 
1854. Social Science & Medicine, 69(8), 1246–1251. 
https://doi.org/10.1016/j.socscimed.2009.07.046 
Koelmans, A. A., Mohamed Nor, N. H., Hermsen, E., Kooi, M., 
Mintenig, S. M., & De France, J. (2019). Microplastics 
in freshwaters and drinking water: Critical review and 
assessment of data quality. Water Research, 155, 410–
422. https://doi.org/10.1016/j.watres.2019.02.054 
Kortenkamp, A. (2007). Ten years of mixing cocktails: A review 
of combination effects of endocrine-disrupting 
chemicals. Environmental Health Perspectives, 115 
Suppl 1, 98–105. https://doi.org/10.1289/ehp.9357 
Kraemer, S. A., Ramachandran, A., & Perron, G. G. (2019). 
Antibiotic Pollution in the Environment: From 
Microbial Ecology to Public Policy. Microorganisms, 
7(6). https://doi.org/10.3390/microorganisms7060180 
Krieger, N. (1999). Embodying Inequality: A Review of Concepts, 
Measures, and Methods for Studying Health 
Consequences of Discrimination. International Journal 
of Health Services, 29(2), 295–352. 
https://doi.org/10.2190/M11W-VWXE-KQM9-G97Q 
 83 
Krishnan, A. V. (1993). Bisphenol-A: An estrogenic substance is 
released from polycarbonate flasks during autoclaving. 
Endocrinology, 132(6), 2279–2286. 
https://doi.org/10.1210/en.132.6.2279 
Leusch, F. D. L., Neale, P. A., Arnal, C., Aneck-Hahn, N. H., 
Balaguer, P., Bruchet, A., Escher, B. I., Esperanza, M., 
Grimaldi, M., Leroy, G., Scheurer, M., Schlichting, R., 
Schriks, M., & Hebert, A. (2018). Analysis of 
endocrine activity in drinking water, surface water and 
treated wastewater from six countries. Water Research, 
139, 10–18. 
https://doi.org/10.1016/j.watres.2018.03.056 
Liboiron, M. (2016). Redefining pollution and action: The matter 
of plastics. Journal of Material Culture, 21(1), 87–110. 
https://doi.org/10.1177/1359183515622966 
Loos, R., Marinov, D., Sanseverino, I., Napierska, D., & Lettieri, 
T. (2018). Review of the 1st Watch List under the Water 
Framework Directive and recommendations for the 2nd 
Watch List. 268. 
Lu, Y., Peterson, J. R., Gooding, J. J., & Lee, N. A. (2012). 
Development of sensitive direct and indirect enzyme-
linked immunosorbent assays (ELISAs) for monitoring 
bisphenol-A in canned foods and beverages. Analytical 
and Bioanalytical Chemistry, 403(6), 1607–1618. 
https://doi.org/10.1007/s00216-012-5969-8 
Luo, Y., Xu, L., Rysz, M., Wang, Y., Zhang, H., & Alvarez, P. J. J. 
(2011). Occurrence and transport of tetracycline, 
sulfonamide, quinolone, and macrolide antibiotics in 
the Haihe River Basin, China. Environmental Science 
& Technology, 45(5), 1827–1833. 
https://doi.org/10.1021/es104009s 
Mac Kenzie, W. R., Hoxie, N. J., Proctor, M. E., Gradus, M. S., 
Blair, K. A., Peterson, D. E., Kazmierczak, J. J., 
Addiss, D. G., Fox, K. R., & Rose, J. B. (1994). A 
massive outbreak in Milwaukee of cryptosporidium 
infection transmitted through the public water supply. 
The New England Journal of Medicine, 331(3), 161–
167. https://doi.org/10.1056/NEJM199407213310304 
Maggioni, S., Balaguer, P., Chiozzotto, C., & Benfenati, E. (2013). 
Screening of endocrine-disrupting phenols, herbicides, 
steroid estrogens, and estrogenicity in drinking water 
from the waterworks of 35 Italian cities and from PET-
bottled mineral water. Environmental Science and 
Pollution Research, 20(3), 1649–1660. 
https://doi.org/10.1007/s11356-012-1075-x 
Manickum, T., & John, W. (2015). The current preference for the 
immuno-analytical ELISA method for quantitation of 
steroid hormones (endocrine disruptor compounds) in 
wastewater in South Africa. Analytical and 
Bioanalytical Chemistry, 407(17), 4949–4970. 
https://doi.org/10.1007/s00216-015-8546-0 
Matsumoto, A., Kunugita, N., Kitagawa, K., Isse, T., Oyama, T., 
Foureman, G. L., Morita, M., & Kawamoto, T. (2003). 
Bisphenol A levels in human urine. Environmental 
Health Perspectives, 111(1), 101–104. 
https://doi.org/10.1289/ehp.5512 
Matthiessen, P. (2003). Historical perspective on endocrine 
disruption in wildlife. Pure and Applied Chemistry, 
75(11–12), 2197–2206. 
https://doi.org/10.1351/pac200375112197 
McCurdy Leyla Erk, Roberts James, Rogers Bonnie, Love 
Rebecca, Etzel Ruth, Paulson Jerome, Witherspoon 
Nsedu Obot, & Dearry Allen. (2004). Incorporating 
Environmental Health into Pediatric Medical and 
Nursing Education. Environmental Health Perspectives, 
112(17), 1755–1760. https://doi.org/10.1289/ehp.7166 
McDonald, A. C., Mac Kenzie, W. R., Addiss, D. G., Gradus, M. 
S., Linke, G., Zembrowski, E., Hurd, M. R., Arrowood, 
M. J., Lammie, P. J., & Priest, J. W. (2001). 
Cryptosporidium parvum–Specific Antibody Responses 
 84 
among Children Residing in Milwaukee during the 
1993 Waterborne Outbreak. The Journal of Infectious 
Diseases, 183(9), 1373–1379. 
https://doi.org/10.1086/319862 
McGovern, V. (2006). PCBs Are Endocrine Disruptors: Mixture 
Affects Reproductive Development in Female Mice. 
Environmental Health Perspectives, 114(6), A368–
A369. 
McLachlan, J. A. (2016). Environmental signaling: From 
environmental estrogens to endocrine-disrupting 
chemicals and beyond. Andrology, 4(4), 684–694. 
https://doi.org/10.1111/andr.12206 
Mohai, P., & Saha, R. (2015). Which came first, people or 
pollution? Assessing the disparate siting and post-siting 
demographic change hypotheses of environmental 
injustice. Environmental Research Letters, 10(11), 
115008. https://doi.org/10.1088/1748-
9326/10/11/115008 
Moral, R., Wang, R., Russo, I. H., Lamartiniere, C. A., Pereira, J., 
& Russo, J. (2008). Effect of prenatal exposure to the 
endocrine disruptor bisphenol A on mammary gland 
morphology and gene expression signature. The 
Journal of Endocrinology, 196(1), 101–112. 
https://doi.org/10.1677/JOE-07-0056 
Morello-Frosch, R., Zuk, M., Jerrett, M., Shamasunder, B., & 
Kyle, A. D. (2011). Understanding The Cumulative 
Impacts Of Inequalities In Environmental Health: 
Implications For Policy. Health Affairs, 30(5), 879–
887. https://doi.org/10.1377/hlthaff.2011.0153 
Muncke, J. (2009). Exposure to endocrine disrupting compounds 
via the food chain: Is packaging a relevant source? 
Science of The Total Environment, 407(16), 4549–
4559. https://doi.org/10.1016/j.scitotenv.2009.05.006 
National Research Council. (2002). Privatization of Water Services 
in the United States: An Assessment of Issues and 
Experience. National Academies Press. 
https://doi.org/10.17226/10135 
National Research Council (US) Committee on Indicators for 
Waterborne Pathogens. (2004). Indicators for 
Waterborne Pathogens. National Academies Press 
(US). http://www.ncbi.nlm.nih.gov/books/NBK215663/ 
Nelson, J. W., Scammell, M. K., Hatch, E. E., & Webster, T. F. 
(2012). Social disparities in exposures to bisphenol A 
and polyfluoroalkyl chemicals: A cross-sectional study 
within NHANES 2003-2006. Environmental Health, 
11, 10. https://doi.org/10.1186/1476-069X-11-10 
Nunez, A. A., Kannan, K., Giesy, J. P., Fang, J., & Clemens, L. G. 
(2001). Effects of bisphenol A on energy balance and 
accumulation in brown adipose tissue in rats. 
Chemosphere, 42(8), 917–922. 
Okun, D. (1999). Identifying Future Drinking Water 
Contaminants. 
https://www.nap.edu/read/9595/chapter/3 
Okun, D. A. (1996). From Cholera to Cancer to Cryptosporidiosis. 
Journal of Environmental Engineering, 122(6), 453. 
https://doi.org/10.1061/(ASCE)0733-
9372(1996)122:6(453) 
Olson, T. M., Wax, M., Yonts, J., Heidecorn, K., Haig, S.-J., 
Yeoman, D., Hayes, Z., Raskin, L., & Ellis, B. R. 
(2017). Forensic Estimates of Lead Release from Lead 
Service Lines during the Water Crisis in Flint, 
Michigan. Environmental Science & Technology 
Letters, 4(9), 356–361. 
https://doi.org/10.1021/acs.estlett.7b00226 
Prata, J. C., da Costa, J. P., Lopes, I., Duarte, A. C., & Rocha-
Santos, T. (2020). Environmental exposure to 
microplastics: An overview on possible human health 
effects. Science of The Total Environment, 702, 
134455. 
https://doi.org/10.1016/j.scitotenv.2019.134455 
 85 
Purkiss, D., & Whelton, A. J. (2016). Letters to the Editor -- 
Comments on PEX and PP Water Pipes: Assimilable 
Carbon, Chemicals, and Odors. Journal - American 
Water Works Association, 108, 12–13. 
https://doi.org/10.5942/jawwa.2016.108.0122 
Ranjit, N., Siefert, K., & Padmanabhan, V. (2010). Bisphenol-A 
and disparities in birth outcomes: A review and 
directions for future research. Journal of Perinatology, 
30(1), 2–9. https://doi.org/10.1038/jp.2009.90 
Rattan, S., Zhou, C., Chiang, C., Mahalingam, S., Brehm, E., & 
Flaws, J. A. (2017). Exposure to endocrine disruptors 
during adulthood: Consequences for female fertility. 
Journal of Endocrinology, 233(3), R109–R129. 
https://doi.org/10.1530/JOE-17-0023 
Ribeiro, E., Ladeira, C., & Viegas, S. (2017). EDCs Mixtures: A 
Stealthy Hazard for Human Health? Toxics, 5(1). 
https://doi.org/10.3390/toxics5010005 
Roberts, J. R., & Gitterman, B. A. (2003). Pediatric Environmental 
Health Education: A Survey of US Pediatric Residency 
Programs. Ambulatory Pediatrics, 3(1), 57–59. 
https://doi.org/10.1367/1539-
4409(2003)003<0057:PEHEAS>2.0.CO;2 
Roberts, J. R., & Reigart, J. R. (2001). Environmental Health 
Education in the Medical School Curriculum. 
Ambulatory Pediatrics, 1(2), 108–111. 
https://doi.org/10.1367/1539-
4409(2001)001<0108:EHEITM>2.0.CO;2 
Rochester, J. R., & Bolden, A. L. (2015). Bisphenol S and F: A 
Systematic Review and Comparison of the Hormonal 
Activity of Bisphenol A Substitutes. Environmental 
Health Perspectives, 123(7), 643–650. 
https://doi.org/10.1289/ehp.1408989 
Rochman, C. M., Hoh, E., Hentschel, B. T., & Kaye, S. (2013). 
Long-term field measurement of sorption of organic 
contaminants to five types of plastic pellets: 
Implications for plastic marine debris. Environmental 
Science & Technology, 47(3), 1646–1654. 
https://doi.org/10.1021/es303700s 
Rogers, Kara. (2012). The endocrine system (1st ed., Vol. 1–1 
online resource (xix, 211 pages) : illustrations (some 
color)). Britannica Educational Pub.; WorldCat.org. 
http://site.ebrary.com/id/10512228 
Roper, R. L. (2019). Does Gender Bias Still Affect Women in 
Science? Microbiology and Molecular Biology 
Reviews, 83(3). https://doi.org/10.1128/MMBR.00018-
19 
Ruiz, D., Becerra, M., Jagai, J. S., Ard, K., & Sargis, R. M. (2018). 
Disparities in Environmental Exposures to Endocrine-
Disrupting Chemicals and Diabetes Risk in Vulnerable 
Populations. Diabetes Care, 41(1), 193–205. 
https://doi.org/10.2337/dc16-2765 
Rutkowska, A. Z., Szybiak, A., Serkies, K., & Rachoń, D. (2016). 
Endocrine disrupting chemicals as the potential risk 
factor for estrogen-dependent cancers. Polish Archives 
of Internal Medicine. 
https://doi.org/10.20452/pamw.3481 
Salgueiro-González, N., López de Alda, M. J., Muniategui-
Lorenzo, S., Prada-Rodríguez, D., & Barceló, D. 
(2015). Analysis and occurrence of endocrine-
disrupting chemicals in airborne particles. TrAC Trends 
in Analytical Chemistry, 66, 45–52. 
https://doi.org/10.1016/j.trac.2014.11.006 
Salgueiro-González, N., López de Alda, M., Muniategui-Lorenzo, 
S., Prada-Rodríguez, D., & Barceló, D. (2013). 
Determination of 13 estrogenic endocrine disrupting 
compounds in atmospheric particulate matter by 
pressurised liquid extraction and liquid 
chromatography-tandem mass spectrometry. Analytical 
and Bioanalytical Chemistry, 405(27), 8913–8923. 
https://doi.org/10.1007/s00216-013-7298-y 
 86 
Santos, J. M., Putt, D. A., Jurban, M., Joiakim, A., Friedrich, K., & 
Kim, H. (2016). Differential BPA levels in sewage 
wastewater effluents from metro Detroit communities. 
Environmental Monitoring and Assessment, 188(10). 
https://doi.org/10.1007/s10661-016-5593-8 
Sargis, R. M., & Simmons, R. A. (2019). Environmental neglect: 
Endocrine disruptors as underappreciated but 
potentially modifiable diabetes risk factors. 
Diabetologia, 62(10), 1811–1822. 
https://doi.org/10.1007/s00125-019-4940-z 
Sauvé, S., & Desrosiers, M. (2014). A review of what is an 
emerging contaminant. Chemistry Central Journal, 
8(1). https://doi.org/10.1186/1752-153X-8-15 
Schenk, M., Popp, S. M., Neale, A. V., & Demers, R. Y. (1996). 
Environmental medicine content in medical school 
curricula. Academic Medicine: Journal of the 
Association of American Medical Colleges, 71(5), 499–
501. https://doi.org/10.1097/00001888-199605000-
00022 
Schug, T. T., Janesick, A., Blumberg, B., & Heindel, J. J. (2011). 
Endocrine Disrupting Chemicals and Disease 
Susceptibility. The Journal of Steroid Biochemistry and 
Molecular Biology, 127(3–5), 204–215. 
https://doi.org/10.1016/j.jsbmb.2011.08.007 
Sengupta, A., Lyons, J. M., Smith, D. J., Drewes, J. E., Snyder, S. 
A., Heil, A., & Maruya, K. A. (2014). The occurrence 
and fate of chemicals of emerging concern in coastal 
urban rivers receiving discharge of treated municipal 
wastewater effluent: Chemicals of emerging concern in 
effluent-dominated rivers. Environmental Toxicology 
and Chemistry, 33(2), 350–358. 
https://doi.org/10.1002/etc.2457 
Shaw, I., & McCully, S. (2002). A review of the potential impact 
of dietary endocrine disrupters on the consumer. 
International Journal of Food Science & Technology, 
37(5), 471–476. https://doi.org/10.1046/j.1365-
2621.2002.00595.x 
Siegel, S. M. (2019). Troubled water: What’s wrong with what we 
drink (First edition). Thomas Dunne Books. 
Smith, M., Love, D. C., Rochman, C. M., & Neff, R. A. (2018). 
Microplastics in Seafood and the Implications for 
Human Health. Current Environmental Health Reports, 
5(3), 375–386. https://doi.org/10.1007/s40572-018-
0206-z 
Snow, D. D., Cassada, D. A., Larsen, M. L., Mware, N. A., Li, X., 
D’Alessio, M., Zhang, Y., & Sallach, J. B. (2017). 
Detection, Occurrence and Fate of Emerging 
Contaminants in Agricultural Environments. Water 
Environment Research, 89(10), 897–920. 
https://doi.org/10.2175/106143017X15023776270160 
Snow, J. (1855). On the mode of communication of cholera (2nd 
ed., much enl.). John Churchill; WorldCat.org. 
Soto, A. M., Justicia, H., Wray, J. W., & Sonnenschein, C. (1991). 
p-Nonyl-phenol: An estrogenic xenobiotic released 
from “modified” polystyrene. Environmental Health 
Perspectives, 92, 167–173. 
https://doi.org/10.1289/ehp.9192167 
Soto, Ana M., & Sonnenschein, C. (2010). Environmental causes 
of cancer: Endocrine disruptors as carcinogens. Nature 
Reviews Endocrinology, 6(7), 363–370. 
https://doi.org/10.1038/nrendo.2010.87 
Spanakis, E. K., & Golden, S. H. (2013). Race/Ethnic Difference 
in Diabetes and Diabetic Complications. Current 
Diabetes Reports, 13(6), 814–823. 
https://doi.org/10.1007/s11892-013-0421-9 
Staples, C., van der Hoeven, N., Clark, K., Mihaich, E., Woelz, J., 
& Hentges, S. (2018). Distributions of concentrations of 
bisphenol A in North American and European surface 
waters and sediments determined from 19 years of 
 87 
monitoring data. Chemosphere, 201, 448–458. 
https://doi.org/10.1016/j.chemosphere.2018.02.175 
Stets, E. G., Kelly, V. J., Broussard III, W. P., Smith, T. E., & 
Crawford, C. G. (2012). Century-scale perspective on 
water quality in selected river basins of the 
conterminous United States (USGS Numbered Series 
No. 2012–5225; Scientific Investigations Report, p. 
120). U.S. Geological Survey. 
http://pubs.er.usgs.gov/publication/sir20125225 
Strutz, K. L., Richardson, L. J., & Hussey, J. M. (2014). Selected 
Preconception Health Indicators and Birth Weight 
Disparities in a National Study. Women’s Health Issues, 
24(1), e89–e97. 
https://doi.org/10.1016/j.whi.2013.10.001 
Sumpter, J. P., & Jobling, S. (1995). Vitellogenesis as a biomarker 
for estrogenic contamination of the aquatic 
environment. Environmental Health Perspectives, 103, 
6. 
Sun, Q., Chen, Y., Li, F., Jia, M., & Shi, G. (2019). A one-step 
incubation ELISA kit for rapid determination of dibutyl 
phthalate in water, beverage and liquor. Open 
Chemistry, 17(1), 392–400. 
https://doi.org/10.1515/chem-2019-0052 
Svingen, T., & Vinggaard, A. M. (2016). The risk of chemical 
cocktail effects and how to deal with the issue. J 
Epidemiol Community Health, 70(4), 322–323. 
https://doi.org/10.1136/jech-2015-206268 
Tarr, J. A. (1985). Industrial wastes and public health: Some 
historical notes, Part I, 1876-1932. American Journal of 
Public Health, 75(9), 1059–1067. 
Tarr, J. A. (1996). The search for the ultimate sink: Urban 
pollution in historical perspective (1st ed., Vol. 1–1 
online resource (xlvii, 419 pages) : illustrations). 
University of Akron Press; WorldCat.org. 
http://www.h-net.org/review/hrev-a0a1a3-aa 
Taylor, J. Y., Wright, M. L., & Housman, D. (2016). Lead toxicity 
and genetics in Flint, MI. NPJ Genomic Medicine, 1, 
16018. https://doi.org/10.1038/npjgenmed.2016.18 
Tiemann, M. (2017). Safe Drinking Water Act (SDWA): A 
Summary of the Act and Its Major Requirements. 
Congressional Research Service, 27. 
Trasande, L. (2019). Sicker, fatter, poorer: The urgent threat of 
hormone-disrupting chemicals on our health and future 
... and what we can do about it. Houghton Mifflin 
Harcourt. 
Unal, E. R., Lynn, T., Neidich, J., Salazar, D., Goetzl, L., Baatz, J. 
E., Hulsey, T. C., Van Dolah, R., Guillette, L. J., & 
Newman, R. (2012). Racial disparity in maternal and 
fetal-cord bisphenol A concentrations. Journal of 
Perinatology, 32(11), 844–850. 
https://doi.org/10.1038/jp.2012.12 
US EPA, O. (2014, May 6). Chemical Contaminants—CCL 4 
[Policies and Guidance]. US EPA. 
https://www.epa.gov/ccl/chemical-contaminants-ccl-4 
US EPA, O. (2016, May 6). Contaminant Candidate List 4-CCL 4 
[Policies and Guidance]. US EPA. 
https://www.epa.gov/ccl/contaminant-candidate-list-4-
ccl-4-0 
Vandenberg, L. N., Colborn, T., Hayes, T. B., Heindel, J. J., 
Jacobs, D. R., Lee, D.-H., Shioda, T., Soto, A. M., vom 
Saal, F. S., Welshons, W. V., Zoeller, R. T., & Myers, 
J. P. (2012). Hormones and Endocrine-Disrupting 
Chemicals: Low-Dose Effects and Nonmonotonic Dose 
Responses. Endocrine Reviews, 33(3), 378–455. 
https://doi.org/10.1210/er.2011-1050 
Vidal-Dorsch, D. E., Bay, S. M., Maruya, K., Snyder, S. A., 
Trenholm, R. A., & Vanderford, B. J. (2012). 
Contaminants of emerging concern in municipal 
wastewater effluents and marine receiving water. 
 88 
Environmental Toxicology and Chemistry, 31(12), 
2674–2682. https://doi.org/10.1002/etc.2004 
Weatherly, L. M., & Gosse, J. A. (2017). Triclosan exposure, 
transformation, and human health effects. Journal of 
Toxicology and Environmental Health. Part B, Critical 
Reviews, 20(8), 447–469. 
https://doi.org/10.1080/10937404.2017.1399306 
Weinmeyer, R., Norling, A., Kawarski, M., & Higgins, E. (2017). 
The Safe Drinking Water Act of 1974 and Its Role in 
Providing Access to Safe Drinking Water in the United 
States. AMA Journal of Ethics, 19(10), 1018–1026. 
https://doi.org/10.1001/journalofethics.2017.19.10.hlaw
1-1710. 
Wilkinson, J., Hooda, P. S., Barker, J., Barton, S., & Swinden, J. 
(2017). Occurrence, fate and transformation of 
emerging contaminants in water: An overarching 
review of the field. Environmental Pollution (Barking, 
Essex: 1987), 231(Pt 1), 954–970. 
https://doi.org/10.1016/j.envpol.2017.08.032 
Wilkinson, J. L., Swinden, J., Hooda, P. S., Barker, J., & Barton, S. 
(2016). Markers of anthropogenic contamination: A 
validated method for quantification of pharmaceuticals, 
illicit drug metabolites, perfluorinated compounds, and 
plasticisers in sewage treatment effluent and rain 
runoff. Chemosphere, 159, 638–646. 
https://doi.org/10.1016/j.chemosphere.2016.06.039 
Woolhouse, M., Scott, F., Hudson, Z., Howey, R., & Chase-
Topping, M. (2012). Human viruses: Discovery and 
emergence. Philosophical Transactions of the Royal 
Society B: Biological Sciences, 367(1604), 2864–2871. 
https://doi.org/10.1098/rstb.2011.0354 
Wuijts, S., & Van Rijswijk, H. (2008). Drinkwateraspectenen de 
Kaderrichtlijn Water. Criteria Voor de Bescherming 
van Drinkwaterbronnenenkwaliteitsdoelstellingen. 
RIVM Report, 734301(028), 1–86. 
Xi, C., Zhang, Y., Marrs, C. F., Ye, W., Simon, C., Foxman, B., & 
Nriagu, J. (2009). Prevalence of Antibiotic Resistance 
in Drinking Water Treatment and Distribution Systems. 
Applied and Environmental Microbiology, 75(17), 
5714–5718. https://doi.org/10.1128/AEM.00382-09 
Xin, F., Susiarjo, M., & Bartolomei, M. S. (2015). 
Multigenerational and transgenerational effects of 
endocrine disrupting chemicals: A role for altered 
epigenetic regulation? Seminars in Cell & 
Developmental Biology, 43, 66–75. 
https://doi.org/10.1016/j.semcdb.2015.05.008 
Zhang, M., & Sheng, Y. (2010). An Indirect Competitive 
Fluorescence Immunoassay for Determination of 
Dicyclohexyl Phthalate in Water Samples. Journal of 
Fluorescence, 20(6), 1167–1173. 
https://doi.org/10.1007/s10895-010-0663-8 
Zhang, Y., & Zhou, J. L. (2008). Occurrence and removal of 
endocrine disrupting chemicals in wastewater. 
Chemosphere, 73(5), 848–853. 
https://doi.org/10.1016/j.chemosphere.2008.06.001 
Zheng, J., Zhao, S. Q., Xu, X. T., & Zhang, K. (2011). Detection 
of bisphenol A in water samples using ELISA 
determination method. Water Science and Technology: 
Water Supply, 11(1), 55–60. 
https://doi.org/10.2166/ws.2011.008 
 
 
 
 
 
 
 
